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1 

tc J; o T s t i tc^j-iii$ n^m 1 (D^m^i^m t.%2 

^mmts.mi<DmtzTm i (Dm^i^m\zmr^^m. 

m^m 3 ] ttimm i o . s n m 

tzit 2 iziim.(Dmm.is.m.mmm'Fo 
[rt^W4] lEm^mmzio^f^n^mtl<Dm^mvl 
t. ^mm^mzmf^n^miKDmrnmy 2 tiz^f) 
^■^n^mm^^MW^ (V1-V2) / (V1+V2) 

■^i-miz^-oTm^izjfm^tifzm i (D^&^i^mLm 2 

tufH^ 1 (n^m^i^mit. mam^A^-iiuaymzmsim 

^mmt^nmo^mizx^ 1 ®?fejittfl!:)i{c^-r*#^M 
mzisi-f^^^mtKDmMmv 2 i:\z^r)m^n^t^m 

mnW^ (VI -V2) / (V1+V2) -^^i-T. 

0. m±y^xo. lUTtti^^oiz. msmm^ 
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[«*^6] itffital Oi^Qcm©CutCg|^L/cHfltH 
#fl8ttii5#«HcDM»^ t (H C L) , ME^ 2 (D^m 

{tTj^gfLrcfiS^P^-en-^-'ntm (p i n 1) . t 
m(pin2) (tm(pinl)>tm(pin2) 
ft^) tVfzt^iZ. 0. 5nm^ tm (p i n 1) 
-tm (pin2) + t (HCL) ^4nm. J.O t 

(HCL) ^0. 5 nm^m&-r^z.ii^mwitT^m 
Mm 1 ~ 5(D\,^Tn-A^ 1 ■::>iztmo:)mm.ts.mj)mm'7-o 

10 7] I^JHtX'^— y-ei. KrE#^att#:X'^- 

■y-H tc J; o TSt,MC:«-il$ 1 t ^ 2 

m^-ij<nm.<t^mm(nijmizmn-r^^^t. 
mmm i ©^sisi^^JitHfrE^attx-^-itHt^^^s-r 
20 ^mmtKnm<Dmizxf^i(D^kmmi$.mizm-r^^m 

HcoMw^t (HCL) , mi9m2<D^^m^i^m^'^m 

m^Mm^^n^n. tm(pinl), tm(pin 
2) (tm(pinl)>tm(pin2) <hT-5) i: 
b/i<h^tC> 0 . 5 nm^ tm (pinl) - tm (p 
in2) +t (HCL) g4nm, t (HCL) S 
30 0. 5 nmS:j^£-r^c:<h*#m<fr-5<K«igtria^^ 

[|f*J»8] tfrE«'lti«»«Btt, (Cu) > ^ 
(Au) . m (Ag) . JUT^-r^A (Ru) . -iUiy'y 
A (I r) . l/Zi'i'A (Re) . Uz^'yA (Rh) . S 

^ (Pt) , A°^v':>A (Pd) . TJlS.-'yA (A 
1) . (Os) RU^'- -y^r;!^ (N i ) J; 0 

mx$>^ z-t^^^t-r^m^m i ~ 7 ©vi-rtus^ 1 o 
40 [w*3S9] wm^x-<—^mh, mm^m^i^x^- 

BtrE^ 1 ©?Sai4#:@<hilE#ai4X^-1^-)Ii*^^t- 

50 ^mmiiRnm(Dmzxf^i0^m^i^mizmr^f^m 
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3 

•sw:*^'^ (cu) ^^t5z.iz^mwitr^m^ 

mizHkL:f3i\,mA^. Jl'T-r-OL. (Ru) . U-r^A (R 10 
e) . □v'i7A (Rh) > nzfV'Oh (Pd) , 6^ 
(P t) . -rUv-^A (I r) RD^':tX5'i7A (Os) 

t.iTHffE#lcStti«#«)l<i:jtLT, ^'>5';i^ (Ta) . 
(Ti) . xJUn-r^A (Zr) . ^>y7.x-> 
(W) . f\-y-^h. (Hf) Rat^r'J:/5^> (Mo) J; 

*-r^ci^#si:i:T-2)rt*JSi~i lovi-rnj&n-p 20 
[«*^ 1 3 ] striae 1 (nmm.wm\-s~. ~ v ^jm 

(NiPe) Sr-a-tf-^^feJlia/N';i/h (Co) 

(CoFe) *^tJ-&^S*^6/^C-5C:<i:*#8S[i:-r-S>ft 
1 ~ 1 2 ®ii-fn*^ 1 :3icia«o«S^ffitiiS4«* 

[»*jsi 5] $m^x^—^miz. mE#jKi4#:x'^ so 

2 CD « t::^[S] (c^ L T ^ -5 ^ « ^ fig-TffiSft 

n*^-:^ofigift ^0fao;^|Bi !ciN6J#-r ^ ^ © t LT®K 
Hfrfa^icD^SKtt^^HiHfrfa^^issttT.^— y-»i*t^-r 40 

SfrlHS^SattfrSW^vtl^iUT, XzMnl-z 
T'X«. -rUv-^A (I r) . ;i/5^-"j7A (Ru) . n 
v-^A (Rh) , (Pt) . nyV'Oh. (Pd) R 

i/ci^-OA (Re) ^yyfs.^mts^^ms.r\.^>>u<h^ 

"P. 50 
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2©^J6Stt^*:H<h. 

stfia^ 1 (omm^i^mit. mam^^^-^a(Dm\zmmm 
2 (D^mmi^m<Dmi^t:f3{^izMVT$>^Mm^i^-rm<t 

Buia^ 2 ©?imtt^Ht>®Hf)Ba-^t®?iatt#:iicD^iT 
nt)^-:ij<Dm<t^mmoy:fj\^izmw-r^^^tLT(Ds. 

m^m 1 ©?iffittf*:)i<i:t(ria*jKttx'^-+)-g<t*^^T 
^mmtKMm(Dm\zxf^ 1 ©9SJi[tt#8{c^-r-&#^BS 

«friaS?^ffiSttBCDM*4ibT. XzMnl-z (CldT 

Xtt, (Pt) RW^^z^OA (Pd) <i;i3;5:-5.ffif 

[if^jsi 7] HUBa#®i4i^x^— M (Cu) 

^ttK). K^tnmmTi^ 1 . 5 n mU± 
2. 5nm^TT$.^;i<i:*iWfia!t-r'51td<^l~l 6 

[ff^^i 8] mmK^mmmz^^^-^ntcmi-^co 
[if*:«i 9] mm-tt(D^m^i^m^^^m^i^mz 

if^^T^mif^-tm^t, ;i/7"-'i7A (Ru) A^•ht^^J■. 

ct^4tm<h-r^f»*3S 1 ^ ^« 2 tcia«cojiMJ6ta2^)« 

m^m.mmmzmm^m^-r^rcsf)(7)-M(Dnm^^ 
r^mm.t&m.^mm'T-iziii^^x. mmm{mmm\tmm 
#^jBStt«f wsffljjciag^ ?s attB A i snias^sstt 

• &,Ttf3:^jzoizm^mtwiSi-^rLxtji^:it^^m. 

[tmm2 1] im\i<^fsm^^Lxmm^nrz{}>r3:< 
^^-^(Dmitmmm • mit^mmtmmitmmmiz 



5 

~ 2 2 cDii-rn*^ 1 ■^^tciHaoffisajsfct^a**? 
y ■:fmtmm±mm.^^^ v •ym<D±.\zwi.n^nrz±.m 

[«*«2 4] '^mmziii^^^mwrmn^m.m.^yy 

tf'D*^ Hu f s^^esttx ^— y-H L T mr la J- ■> 
-ji/ vmt.muTmmn.>'-)v Y-m<n^-^-fni)^~j5\zm 
^mm^Ty, , H^iB^ 1 <nmi.^Pf^m^mmi5\p\\z^rz 

->-;|/ FIliBfifaTtM^v— il' HBOt,^m^te:^tc 

^«-r-5fB®^-y v^^<h\zm^fzz.t^i^WLt-r^m 
im2 3~2 5CDt.i-rn75uotfa«6(7)a^^-y Ho 

[tt*^2 7] B»^«2 6JBifeOffiS^^-y h'<&^-r-5^ 
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^ *«t-r ^ ;i i: ^!f#m t T ^ il^'x H T -y -fe > U . 
•r^Ci:(c=kO«^SB^*5f^W^3S2 7Eit(DJi8M'\ 

10 mmommfi-mm] 

[0 0 0 1] 

aM's-y mm.^y KT-fe>:/USZ>*aMIE»^S{c 
[0 0 0 2] 

(MR) *?iJfflLfci^^^-y F (MR'\-yF) 

«fiKS*<i:;S:^MRI^tL.Tli, #fCfi8tt®/#atte 

/MttJlCD-ti->F<-y5^1fjt(75il1t#BIK^*-L> 

( WtH*Bj , THipBj rfcf>«j ?i<h* 

chft-x^ns) . mjj(nm.im^9\.^mmz^rimimi^ 
^ti- ( ri^{^gj ^-stitt r-7U— )lj fcct'i^^^n 
^) . cne.2ooatt)i©fiS{i::^iBi®ffi*tB<)?5:^a^ 
30 it\z^Y)w.xmm.mm^ (gmr) *^-rxtr>A*jp 

[0 0 0 3] flfiWMRJ^tLTH, N i F e -a-^/cC£:^i^ 
^/=i:-2.S*tti^Mffitn:5e!illM (AMRM) ^AX*&TiK 

ti.Ef)m^tix\'^^. xe>A*;u:/MwMR^<l:^tt, 
MRSitjtfe-r-st+^tc::*:^^^., S?,tc. xe>A';i/ 
MR'\>y FtCjgLTli-l), ^®J;3^CXtr>A*;l/:/]^^ 

T, mmms.(Dnmmt^mib^wz\t. ^ikm^ma 

Si* (GMR) S:fflVifciS^Sfj:B8St's>y F. fip-^GM 
R-^^y FT&^jgJS^nT^^tfcCoTVi-S. 
[0 0 0 4] ^WOGMR'S-y F«. ^{LgfiH (7 'J 

-H) . *fisi±4'W)i> mitmrnm (tf>e) isjrixM 
!sbx-^^m.it^ffo(D\z^aj^ums.(Dm±.^m^rzist> 

50 iaaS#7i^l)f^.'^0>'7 h€rfc/i^,TJ;plCfj:(9. ^(D'> 
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[0 0 0 5] -yj. mitmmm^m^iiS^m^iifLxsi 

B^x'JH^fJi rSyAFj . f~>>±7-4-y 

nxvi-s mm¥7 - 1 e 9 o 2 6^'e^m « ciws?! 
[0 0 0 6] ip^. :i<Dmimmm(0 2-:>(D^mmm<^ 
mm^mamit^^^L^^s y AFT'ii. ^m^mAtm 

[0 0 0 7] 

[^l«755^ftLJ;-5i:-rSil^] L;^^L. m^i^m^tl 

[0 0 0 8] s-r. mifc, j^s*(Ri±$it-5feiie)ic7 

-r > h ^ff-/!)^'Bll t -5 i p Paljg^o^afe o Ac. 
[0 0 0 9] ^2{C. ::^Pu/ + >^^M« (Tb) &,±(D 

(BSD) m^^^GMRm'f-iizm.x-r^^immmz 

ff ■5;tie)lCH. TbJ^i,±STiaSi&±tfT, b*^=bSy 

A F ^mi^-r^mm.f^^m^^hT(Ds:^mmm^m^ 

^±m^mm^ (amkOeJi(±) &J!)Px.-5i<i:*^' 
^±tf-5t. S yAF®aMiK^BtlPftt--5>?SM14li 

[0 0 10] m4iz. um^m^itrz^m-vmm.t^'^m 

9 - 1 6 9 2 o-^i;^^Ttti 5 koe) ^m^^rzH) 
\z. &±f£mim^mmm&si)^'j^^i:t£^. 
[0 0 1 1] ^5{c. }d>m\zii\^^xs.mmitmzm'^ 

CDS yAF(c-r^t. n-^mmzmmr^fzisbizmitm 

*«#^fc^c5j>^ -ewSHT^flSvS yAFO<Bn;tffi* 
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[0 0 12] ^atC. SyAF75t?:*?5;JST-*oTt>#M 
[0 0 13] JJt±JiJ*bfc6-POraS^tC3!jP7t 

T. (1) Bi^ttTjt^vi miz^myciizxT--)i\z 

»LT) , (2) B^i^SWJ;D-)l®|6]i:^E!-i>±T 
10 MR^^t^;4^*^SLTI/i-5. (3) it^mi^^fS-MR^ 

itm^m e. c o F e u ^ 

t\ tiii£(Dmmhs^^rzo 

[0 0 14] *%Bjt±. ±i6Lfcai-«coM®lgia(cS 
[0 0 15] 

20 [ilffl*)8^-r'5>fcJ6®^S] ±SESM$jlfiX-ri>fci!6 

^i<n^m^wmii. mQm^A^ifa<Dmizmmm2(n 

^^mi-'z>-z>z.n^^K^&itmz^-^-r^i^^mt=& 

(oyjjsnzmm-r^^mt. mmmKD^m^f^mtmm 

^m^x^—^fmttm-r^mmLSi^momizxm i 
(D^m'&.i^mizmr^mm^mmm.mt. ^^t'^:Lt 

[0 0 161 ±IB«*KtcJ:D. S:BWU T X^^-(> h 

[0017] ±mmi^(Dm^L\^^Mm<DmmtLx. m 

40 0 M Q cmiJ-^TT^^7t**-^*-r^^ilcJ:0. 

^UiS' -^i:^ tC J; -5 M R ig^t^® BJtg i 7S: -S . 
[0 0 18] ^fc, iSSBftfSfilffl. *iJ;ZJf*attiiS«« 

m\Zj^:^X\^>y 4 JV:^-n^\Z^^MR^itm±»0 

^^^mm.r^coizmvtzmii^tLx. mmmi(^^m 

[0 0 19] ^tz. iEm^m.mz^n^n^\i!^■^(Dm■^ 
my 1 1. ft«-§-a^{c*3tt-5ii3fem;':j®*fe^«v 2 1 

50 (c J; 0 a^n^^&J^#*t«;tt (V 1 - V 2 ) / ( V 1 + 
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V2) 7)t. v-r^xo. m±:/5xo. i&LTtU^ 
>SS:ffl^iTt)^li. -e-©*^. 3. 6nmT^TT% 

0. 5 nmT&.±(DmmMmo)mm}^ym^ffi^^^^t 

JS£-r-5C:<i:;5iaiiT$)0. 0. 5 nmTii(TT«MR 
^itmtm b < /jNi^ < -5 *v ^ T$> -5 . 

[0 0 2 0] ^fc. HfifE#aitiSi^«H(DMff^ t (H 
CD (dCTtt. JtfgtrCl OAiOcmWCuHTM^ 
Ltz) , BfliB^2»?SfiS14^»4'«)Wi2-*f©?Sai4f4: 

tltm(pinl). tm(pin2) (tm(pin 
1 ) > t m (p i n 2) t-r-S) tLfzt^lZ. 0. 5 
nm^ tm (pinl) - tm (pin2) + t (HC 
L) ^4nm, J.t3 t (HCL) ^0. 5 nm*j^lS-r 

^^t^mmt-r^o zL(Dm^^ms:Tnit. tm (p 

in 2) =0-r/j:*5*.*^Olf »I*fflliTfc^Vio ± 
[0 0 2 1] mJK^lc7)?^fltt^f:H«, -^©i^;? 

[0 0 2 2] s/t, mmi^mitmmmmi't. fgH i 
mti.-^o^t¥^mtim?i^(Dizm^itu^m (cu) , 
^ (Au) , m (Ag) . (Ru) . -ru>? 

■:7A (I r) . U-^A (Re) . a-yyA (Rh) . 

(Pt) . /■^^v'i'A (Pd) . T^I/S^L'i'A (A 
1) . (Os) (Ni) JiDU 

[0 0 2 3] ®H i n*5J;o:|*;®tt#tt©JP(Z)fc 

[0 0 2 4] ^lOagM^^fflUS^^tCfc. (JJ-TLfeS 

^1^^. ^c75«-&. 3. 6nmTtiTT-. 0. 5 nrnTB^ 

3. 6 nmT£t±T«±iSbfc*M?5?1tS}SS-r -g.;!.*: 
tJ^'BHT^O, 0. 5 nmTiilTf «MRig{t^*^»L 

[0 0 2 5] ifc. BtfiS«BM0c)-^-CirE^l®?SfiS 

m.^^M<Dt:.i!b\zmz^ntzi^nt\.xm (cu) 

[0 0 2 6] Sfc. mrlB«®M©e)-^THfrlB^103ia 
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m^u'm\zi^\zi&ntzmAiivx. (r 

u) . l^nr^A (Re) . o-J^L, (Rh) . /I^v^r:? 
A (Pd) , (P t) . -fUv-^A (I r) ROtrt 

XS-i^A (Os) ^K)t^^m^ih'M^tnti'pt^< izh— 

[0 0 2 7] ^fc, iSHcu. BMR^^t^WHSOfc 
BfrfB^^fiBittiiS^|tmB®MP«0. 5nmJi(.±5n 

[0 0 2 8] Sfc. <SH i n. MURmt^^mWt^ 

i5#aitiS#S«<!:JtLT> 5'>^';i/ (Ta) . 5^^> 
(Ti) . >?;m-'^A (zr) , ^y^7.j-y 
(W) . ;\y-^A (Hf) &oc^u:?'x> (Mo) «i; 

^-r-s^t^^mtf -5. 

[0 0 2 9] iSMR^ft^t. ticattl|:^CDfcJe) 

tC. WflBmi®?SicS't4#:«tt. (N i Fe) 

*#tr^^8tzi;\*;i/h (Co) *^tfBt<7)«SM/6^ 

20 [0 0 3 0] SAc. ii5MR^ft:*<i:> |ici^ttlia®fcs6 
ic. HfrElll<7)?fiffiS'tt#:Htt, zifVVV^ (CoFe) 

[0 0 3 1] tffiH^2«?SfiStt#:B®J8<tH«W 

Hfl3HS2(D?^!SStt#:)i$mMO:^|pIfC*6Jt-r-S 

m2<D9iJeSi4^*H«, S yAFT-**e:i:75iM*bti 
aM]KiP:d^'0. 5nmTJJt±T3. 6 nmT£tTTab-5 
30 [0 0 3 2] Sit. :/n-feXfStMa^T-fcieMR^{t^ 

mm(Dtz«f>\z. mmKmmiti^moymmiihx. xzm 

n 1 - z (C ;iTX«> -f U >"^A ( I r ) < -i; 
A (Ru) . Dv^izA (Rh) . &^ (P t) , /t^v' 
OA (Pd) SO^Ix-'^A (Re) J:0 75:*a^/ii^eSt^ 

-So C:<7)«-a-tCfc. ii^-TL^jS yAFSSffi-r-5i£JS« 
;^C<. *BCDi:f>BS:fflL^Tt)^V^, ^<7)«^, 3. 6 
nmTJJ^TT. 0. 5 nmTJJi±®maM/?®*Btr> 

40 BSrffll/i-5Cli:;^^'aS Ut^^o 3. 6 nmTJi^-hT«±l2 

i^rz$^Mw^^m&-r^ctAmmx$>o. o. snm 

T£tTT«MRSft:^j&^*L < /Jn$ < ^cSA^^T**. 

[0 0 3 31 *it. ii5MR^{t^*iii-r*;tii6{c:. strflB 

S?SattB®WJ^i:LT. XzMnl-z (d^TX 
tt, (Pt) RW^y-y^A (Pd) ctOTJc-SffifJ^)^ 
e.S«tlfc'>^j:< i:t)-a«7C^<i:b. MfiXitzti. 4 
0S?%Ji^Ji6 5iS^%£tTTS.*) *ffll/ifcc:tS!Kf 

50 3. 6 nmTii!.TT. 0. 5 nmT{i^±<75ffi^^i?®* 



(7) 

II 

Jitf»lS:fflli-5C:<tz5^*ffl* Ltio 3. 6nmTiJ(±T 
5 n m T &rf-^itM R t^*^* b < /Jn $ < -1, 5, T 

[0 0 3 4] ^fc. ^MR^itm^mmr^ct. 

tX*attiS5««@ (c J: -5 i«M R ^ft*<^*!)*^ J; 0 

l^ffiStt#:X^— tt-)l(i> m (Cu) ^^tr^SJl;5^?>?^c 
D, 5nmJi(±2. 5 nmii(.TTsb 

[0 0 3 5] sfe. ^uR^mm-r^z.t. ^s^miE 

^JS^IP®li;5^*0 nmTJ^^±2 nmTJi(,TT*-g> C i: 
[0 0 3 6] ^fz. Buia-*f09fiiStt(*:M&S^ai4#: 
0. fi-s>^a»M;**^'0. 8nmJit±l. 2 nmJJ(T-ea& 

[0 0 3 7] ^mM<Dmi<Dmm(Dmmm.nm 

[0 0 3 8] ifmm'm 2 ©^a^coSSMJSta^i^'N >y H 

^-r^^±m%mim^m. i6^xsmmu±m.n.mm 40 

«l» «8ic €r tti^T -5 fc «— » CD M $ -S fiS^M; 

B $ n;t5Si^ttJI B 1 75^ 5 — *f cD?SilttJl;&^*m^ijg 

2 0 n miUTT* 0,2 0 0 "CfCiStt^tuiE^ 
JB81tJlBt®32Jfti^^^icJ*i0. 02erg/cm=' 

[0 0 3 9] 3 ai%m(Dm.%mm^^ y k 50 
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^)i^^VbTS?^i^ttife^^nT;^£0. afriBS^aitJl 
«jK»J5^2 0 nmJi^TT'a5 0, ^'OZx Mn,-x (Ztt 

Ir, Rh, Ru, Pt. Pd. Co. Ni *^ e,igtin 
fc^i>;^j:< tfc l^T-SD, 0<x<0. 4) . Mn 
,-x (ZttPt. Pd. N i 75^^a«n;c^>f=£< tfc 1 
aX'^^D, 0. 4^x^0. 7) , Sfc(iZ. Cr,-x 

(Z«Mn. Al. Pt. Pd, Cu. Au. Ag. R 

h. I r. R\if^<hm<<-inrz'}>ti< thim. o<x< 

[0 0 4 0] *%§«©^4«^g^CDa^Jfitn:^ll'N-;/ H 

^s5Mitmmm(r>m.it^Mm-r^tz)i><DKmm.^m t ^ 
m.M^m^^T^rzit)(D—M(Dmm. i5j:z:^mm^±m.^ 

rasfflswssattB A <t mm^mmitmmoywmm b 

[0 0 4 1] ±mLrz^inmm4<n&^mmj] 

bTjifflf-S Z. t 

[0 0 4 2] Sfc^^l^gwa^x-rx^ K^<:/^B 
KOB^fBa^iata^^S?{c«S^$#ti^-rse:<h{rJ: 

<Dij\pi\zmm-^^t^mm^mr^^t^W'&Lt-r^h<D 

[0 0 4 3] 3 ^ H*l«e«OfiS^ffiSiS!)ll'\>y H®8ijg 

HfrlBE±J^MJSfex5(iSil©figMftT-SoT. n 
^-y-y^^nom\z. mmmm.'&.mAtm%i^m'& 

■^^\zmm^'^^z.t^mwLft^%<n-c$>^, 
[0 0 4 4] *5!Bj©teo?^ffi(cSo'<aastix 
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[0 0 4 5] ^fzit, ^mM<Dm^m.tn^0}^m^\t. '> 

mm±mtmr^mmm^m^^t i^xms^-r^^mt 
^mmx-$>^tmz, mu&n.^tn.^W:iPi±m\t{i>r£< 

[0 0 4 6] ^rz\t, ^mM(Dmm.t&mJi^mT-\t. '> 

[0 0 4 7] ZiZ.X\ ±IEbfc3a(75aMStn:??>!)**^ 

it^^m^Mmnmtx.x'^mx.. ssss^u-iit^att 

T. MWts.E\Zj^^X-h^Wic'&X. MRfgft^O 



(8) 2 0 0 0 - 1 3 7 9 0 6 

14 

[0 0 4 8] ^fz. JilBL/cSSWKMlSfiiXiSPSTtC 

*[^±BfCfiCu. Au. Ag, Pt, Rh. Ru, A 
1, Ti. Zn. Hf. Pd. I r /j:i*©7£^&#trfc 

[0 0 4 9] m^i&iiimm\^±miz'^^m^mm-t^m 

^. ^n*«fi£-r-5)^^<i:LTttAuCu^^. PtC 

u-a-^. AgPt-^^. AuPd^#. AuAg-^^fj; 

ii^m^^n^o ^fz. mM.m.tnm^i^±mizmmm^ 
m^r^m^. mmmitm^\zMm<ommz&^m.ik(D 

20 {z&^^m.(D^mm(Dmmm^m^^^^tt>nsmx$> 

[0 0 5 0] $&tc, ±mi^ft3m<Dmm.m.tn^3kmT 

llfli^^^g^iiHMffitrL?>!l:l^fRl±)f iLTffll^'. Z.n^ 

m^mtmi-xmmvx^^^o s/c. >"j-g/&^'»<;^j: 
■^fc^^fctt. :i:ix'hm^tm^mm±m\mmvrz 

-5Ci:(C<j;-r)T. «TOdiffusivefcC«a^^ML. 7 
RS£<W^«Sjt-r-5:i<h*^'T'#^o #H^J5:|f®;^£:CD 

T tJT'p -k X T - fc J; 0 H^ffiT® test ^ 5 4^ > y 
{c<J;D»t)nTlifcMRi|t'tt*«, -^^^miz^nHzfaiL 

[0 0 5 1] ±aiL^=t5;5i*aBJ©a^iata^**^ 

W!m^^^'pmm^^vxmm^nrz'pys.< thzmo) 
50 tf>A*;i':/M{c-fe>x«8it^#t^i&f 



(9) 

15 

[0 0 5 2] m<^^mmtLx\t. {!>u.< tt^imm^ 

m(^mmt^M:mr^m^is.^m^m^\ziii^x. mti 
< iz'b-ij^^r?>mmM.tfi^^^±mtmLxmm-s 

Ag. Pt, Rh> Ru. Al, Ti. Zr, Hf, P 
[0 0 5 3] *^BJC*3ftSffiS5[Jgtf[^4*I^±Jl«. m 

mitum^ibfj:^mmm<DmmmmzMhx'b^mzm 

J;oT, (SMt LTOC o^C o F e-&^;5:<!:WC o 
^attWW^rfiaSfC^-^di^t^^FBTO, -r?S^3-^d (1 
1 1) t&TWSISrG. 2 0 5 5~0. 2 0 8 5 nmCD^g 30 

mtT^z.tmx^^. z.(D^3fim?immizj:-DX 

[0 0 5 4] Xtf>A';i/>''K®it#'t4[p]±Sgl^ 

^^±.m^mm-ti>:it\z^'ox. xbiy^-^ji^ym^ f 

c c (111) E[6]$-B-. 75^-:pm®rt{c*3l-t-5«Sffi)^iK 

^, ::o)^otjiX}d>A}i-:fm(Dm^mmmiz^-:>x 
[0 0 5 5] ifctt. ^^mo^mmmn^m'f-it., ± so 



!Kf@82 000-137906 
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1 mo)^mit^mmt, mmtJ^m^fprnm^^v 

x^m-$rirz{i>fj. <t%2 momi^m t ^^-t^t. e > 
A*;u7'M<h. msmT.ify/'^jiymiz-tyxnm^m^r 
?>~M<Dmmt^mmr^mm&in.m^m'i'iz^h^x, 

<tJj\^-A^^i\:-r^mii.mitf c c (i i d EinjUTij 

0 . t)^-Dd (111) 1=&^FBlRi;0^ 0 . 2 0 5 5 nm}iK± 
Xh^Z.t^W&Ltl,X^^^o 

[0 0 5 6] ±.m.\.tzmm.mm^m'i-\zii\^^x. 

H® d (111) *&TP^Ritt 0. 2055~0. 208 

[0 0 5 7] ^%m<7^m^^v K^a^iH«iSB«. ± 
^i:. w]mM^m.m)]^m^i:.\z}Lmm^mm.^^yy 

[0 0 5 8] *%0J(7)®S5i-Bi^®mM^y Htt. T#J 
^MM.^\y-f^'!\-\^X^l$.-^ntz. ±Mlytz:^mM(D 

m^mmw:m'f't. mmmmmv!^^m^±.\z±.mn 

fciffliMffitSrW-r weft's K<t S-ftilf -5 ;i iSriRf 
[0 0 5 9] :*:^BJ®fi8M^.;/ K7-y-fe>7'Utt. ±ffi 

wMSMmm.'i^ip^w^-t^m'^\z^vyl^^:^^^^ 

^. ±fHbAc*%Bjw®B^g|a®a^x\,-, 
[0 0 6 0] 

immmm(7^mm] «t. ^mM<Dmm<Dmm\z^^^ 

[0 0 6 1] z.z.x\ :$imMo)^m.<Dmwz^i,^xm.m 
r^nHiz, ^mmmmizm^mmx:^mMm7t)^m^Lrz 
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to 0 6 2} mm.is.^M^m^iz^^^xit, Wimhfz^ 

(Ms * t*ic7)M'» izj:.-DT±mfimM\!^±i}mm.'r: 

TommA^^r^ z. ttmrnvtzo 
[0 0 6 3] mi<Dr^mtLT. ±>xnmmn^(D;^ 

•y \imi^miz-A^:A^^m^(D-r^T&L-^t>iirz t^iz, 

t, hy>xy7—t}-^(Dm^-A^Mt^liZfi^coi:\ ;\* 

in/i<f=cofco-r-S)o 20 

[0 0 6 4] lg2©Po1S<hLT, €e*S«T7U-H* 

[0 0 6 5] Ei7tt. &.±.mmLrz2-:>(Dr^m^mm-r 



b. p. 


= 5 0 X (H.hift/Hj 


Hsh i ft 


= ~Hin+Hpin=tHcu 


Hs 






= K^ (Ms* t) free/h 


Hoi n 


= K^ (Ms* t ) oin/h 


Hcu 


== 2 TcCX I s/ h 


C 


= ( I , - Is) y (I 



ZCX\ (1-1) ^<Dh. p. -A^. ^-BaBT^/NW 

C:n^>©{il75i^«T'n-5<i:, 7->/hU- (^^f^i^'lt) 
Ji^TT^fcO, %r:) tm\^^m^iZittiiM^^< tnU 

[0 0 6 9] A--rTX^'f >htti:Tv;>^ hU-C7)M« 40 

hU-*^+ 1 OXizU*), AWTX^Oh^ta 0%{C 

4 0~6 0%Ttt7'j;<. igi^±3 0~5 0%*^ftjS{it<i: 
[0 0 7 0] ^8«. «-ff±«A''rTX/l?'f >Hfiti'\ 

\f(Dn^mm^m(r)m^^^n/^ymx$>^o a o 

~5 0%CD/N*-rTX5)<'f>h{it<Di:#{ctt. 7>A h U 



(10) i^m2 000-137906 
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i'^m^^^m^^rcmu^y i^cyh^yy.yr-ij-y'^^ 

mm (a) «:7'J-»*Wli«^, 1^0 (b) tt^ 

Pn1ffl;5^'ife U ^ d <i:X)^*Bl 7 bt^A^So 
[0 0 6 6] JiiaPoiacD^*,, #tCA--l'7X/i^'f >hfC 

mr^mmit. mmm*^^^^nx'b^^iz^tm.m.x^ 
^mi£-r^zLt\zj:io. JU7xt^-i>h^mmT^:i 

tt^X^tz. £('riZ/-^-i7X:!fs-i y h©tf#^j*tcoH 
[0 0 6 7] A''r7;^#'f >htt. 7'J-e{CSP*3S^ 
1. (Hcu) . 2. fcf»l;0^^O^SgElf (H 

o.n) , 3. x'^-- y-<&in'Lfcif>s*^^®BW)^^«s 

^ (Hi„) . 4. /N-FA*-rTXM*^^0»?a6B^ (H 

a#®cfiT. 4. (D)\-Yn-^7yM.m-i~Ycm^ih^ 
Vi, ^^iT, ±fEi~3©fflS^®fn{rfta 
LT. iisi^w-Lfco ^Eiffii^ifeA'-rrx/i^'f >^<Dff^ 
[0 0 6 8] 
5 0 (1-1) 

(1-2) 

(1 - 3) 

(1-3-1) 
(1-4) 
(1-5) 

+ I2 +I3) (1-5-1) 

f^-ox. mm±m^^^::tif)^x^fi<fi-oXL^o. 
[0 0 7 1] Hshif.« (1-2) ^xm.^n^^o 
iz. y^j-m\zmtj^6m^<D^ [oe] t^^o hs 

m^x$>?>o 

[0 0 7 2] H9tt. cn6®#jg#©M^<&«-ritte3 

[0 0 7 3] Ha'^-ta. ab-5MRA-f hSTCD^'J — 
BWSaifTfe^, htt. MRA-fh* [^m] X'$> 

IfTafe-So (Ms*t) freott. XU-HCDI — ^Jl(D 

m^m^M^tmmt<omx'$>Ki. (Ms*t)pi„«fc; 

>«®:t-.>;; hCDtf>B (i^>±'r^ y AF <DWi-^\Zit 

[0 0 7 4] HcuH, yu-mizMt>^nmm^x'$> 



(11) 
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0. I stt. -t>7.«fift [mA] -efe-g>» jS: (1-5- 

[0 0 7 5] siott, ^m^^n^mm^mi i-is 

[0 0 7 6] ::^x'm.m-r^s\-WT'it. ffi*®fc*e>fc, 

AB smx. y-y^(Dmm^, ->-;!/ F«:^^«^«$n 

hcDM,«t>0<i:. Hf^cD^y FiiT'tt. /WTX^f 

Ta5/NiFe2/CoO. 5/Cu2/CoFe2/IrMn7/Ta5 



20 



tl^3 0%~5 0%CDA*-1'TXjJ?'r>hflt®tc:^*^S 

T-#f.n;t/N'-rTxd?'r > hT3 o%~5 o%ti.i^fB 

[0 0 7 7] iJiTlca^WI::4-*T»6nTV^^xe> 
itft^^i : jl^xfcf>A*;u:7 (xtf>7-i';UiS'-;^tLx 



(*fi«nm) 



(1) 



±E (1) xt?>A';i':/©«fB«jS*«L. 

«fig-r^7n^i:)Bff (nm) S^LTl^-So C<;)JtK^J 

[0078] ±aiLyc (1-1) ~ (1-5) itcoA-r 

(1 - 5) S;o««fitJll?-T-^-5, ^-COSffiH. (1 
-5-1) S:<De«iS^i-SiEJtCS:*i>?)'5;i.t*«0iitTa&S 

fi* b < fit/O^'Si^c 5 ^ T ^ o ^tx ^ T ^ -5 
[0 0 7 9] #HwJtjata^*a?)^fcJ6{c. ±fE1iJ5X« 

©i^ $ T-^[^ i: 1^ b Mi^tC b T , ±5E b fc J; -5 ;^t«/jN;^C 

ti^^ir^^t, *^BJ#<7)1^itj-t<±;-:3T#<J0Jb;^c, 
[0 0 8 0] ;i(7)^feT*a6yc#Jl(75itffifei[«. SSStt 40 

yi7^--l:^^rz (1-5-1) SO««t^i-SSJtCJ;0 

[0 0 8 1] JU±cD^fe{c:J:0^@©]tJaM^£*J6;tiiig 
NiFett20MQcm . CoFettl3//Qc 
m V X^—- y-CuH8/iQcm . IrMn«250 
itiQcmi:;5:-pfc. TftfccOTa (^>^J1/) ic 50 



«SSi)-Sitit^*ii?)T. (1-5) S:»C<fcO«SSfi8#Hcu 

[0 0 8 2] H,„Ofjti:bT«. HWitO 2 5 O 

eSfflV^feo Hp,„« (1-4) it(Cd:0*«e)fco 
[0 0 8 3] :iCDKfllfiKT«. tf>gJP*WViSSA'r 

miz^<(DmM^mn^(Dxy u -jKcjo^j-smiti^^ 
uT-^^ 1- >-fe;i' bT/N'-r T X > h lafi b j; ^ r-s c 

[0 0 8 4] -fe>X«8iE*4mA<i:bfci#{C. ±ffiO 
«*fflViTfH?bfcAW TXTt^-f > hflt(7)ife*^« 1 [C 

*To 

ai : ltec^Jl«)^C0ft-»:Tf#5tl/tA-rTX7i^'f >h 
MR height 

0. 3 um 7 0% 

0. 5 wm 6 1 % 

0. 7 /im 5 3 % 

^1 *^6>to*^-5J;'5{C, MRA'f h 0. 3~0. 5Mm 

TtiA'fTXTj^'f >htt6 i~7 o%-eabD> th»±g 

[0 0 8 5] El 1«. *:it!K4ai{I*5ttS/W TX/l?-f 

^^je)^iA*-r7X7i?-r>h*^*7>5^:7xP#j (50% 

R/U h\tmimmiz^-:)Xn^ftsb. i:'5bTt)«5 
•:P^:^iTTb^5. dCDJc-pJSiMRA-l' h<^)«^,0#{C 

J;-:5T> ^@S<9 75^#'^lc«<;»5:oTb$^^t7)^*5*^ 
^. iintt^'ttWfCUx.tt*, 01 KC^bfci^lc. ;^ 



(12) 
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[0 0 8 6] Sfc. JU7X7fs-i yh&.mz'h^itnm 

mf)^iS:TT^^tx'$>^. t^^tmm^mmmizmzmm 

-5, ^J^tt'. ItK^J 1 Olf ^T"«, a s - d e p o (as 
-deposited : *«LfcSi®4>tffi) TMR^-ft^tSl 1 

%S«T$.^CDtC*fL. 7'n-feX^MS?*T-«MR^{k 
¥5. &%ta s - d e p o(Dm^^<n±^-^lZ^T'm 
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10 



[0 0 8 7] c:(DXtf>A*;i':/M«c*ji/iT« 

fei® (ESD : Electric Static Discharge) (DAA^i^ 
h^mO^-Viita^K ^<m^nXl^^^oiZ. ESD« 

[0 0 8 8] j^±(D:itf)^<b. it^rnKDm^i, mms. 

]t^m2 : ^aitt^^S 4 2 2 5 9 1^ (7.\dyy^)V 



Ta5/Cux/NiFel. 5/Cu2. 3/NiFe5/FeMnll/Ta5 (^ffittnm) (2) 



mMy')-m^ziin^MRi?km-^^fzisbi,z, 
i¥m^mts.MmizTy')-miz-^mmm^mmi^fzm 

2 6 3 7 3 6 0#. 7KB<NFfF^5 4 2 2 5 9 1^, ^I^H 
mVfmse 8 8 6 0 S^/cCi'^^tf-S^i:?!)^'-!?^^. 
[0 0 8 9] ±12 ( 2 ) *H^a^^ 5 4 2 2 5 20 

tf >A'Jl/y]K{CfeViT«> 7 U -WW7.^-1J-C u iia 

•7 :/X t: > W^l^ g E& <fi-5^<i:f:J;DMR^ 

j¥TMR^fl:4?©fcf-^'*i-5fflfpI$fe-r)o Z.(Dm^^ 

- 11 T © M R ^{b*co «^i> ^ — T € -5 , 
[0 0 9 0] LyO^LfcCTi^e., *ffliRffF^5 4 2 2 5 9 1 30 

mzm-^'<±m (2) ®7.t;>AVl/7*MT«. /N'-YTX 

[0 0 9 1] *-r. /N'-rrxTp-f >h<tii5«^fcMb 

T«. 5 4 2 2 5 9 1 ^CDBJJffl«4i(c«il:}^ 

[0 0 9 2] ST«ata^Heu*, Jtfe#iJ 1 <h^<|^« 

<r)^m\z^iom^mz%>hntz^m(DVLmji^m^^xw 40 

Wbfc. ^«i#©&JlCDitjttntt<tLT«« Ta«l 
0 0 /zQ cmtM^b. FeMn«2 5 OxiQcm, N 
iFe«2 0MQcm. 7.^— ItC u « 8 At Q c m. T 

-fe>Xtt2t«4mA<i:L;t. H .nfCOliXttlSili 
*tfd:l,i75t. *f6l««OiiM{rJ;Si(e«<tbTl 5 0e~ 
2 50e*«fif.n;t. J;c>T^:;i-ett. H,nS-2 0Oe 

[ 0 0 9 3 ] X*^, h5-;/i74iST„=0. 5xi 

m, MR heighl= 0. 3~0. 5 j^mCOi:^CDiSS?gaffl 50 



Cu 2niD 
15 6% 
1 4 0 % 



^<Dmw:^m.2\z^f. 

[0 0 9 4] «2 : T±lfiCuJ*^^;tAcJS 

(DmiiSLX(Dmwxnibntz 

A*-<TX#'1' >h 

MR height Cu Onm Cu 1 nm 

0. 3 um 126% 143% 

0. 5 um 111% 127% 

z.(nm^x\t. e>B*^57'J-BtcJpt)-5lf >«?*a 

Wu^,„t^mn\z±^<. n^YTsTfs^ y Vii^-r^7.m 
tc-rn^-rvx«fi)tT-ag)^. ^KDn-iTT^Tt^-iyvn^ 

tii^CV^ TiftC uJ?;Oi-fe*PCD«-&-C«. A-f h 0 . 3~ 

0. 5 ;^mT\ AV TX7}?-r > 1-7)^1 1 1 %~ 1 2 6 % 
}^-^^X^iM:i^b.nU\^^oUiiZ.^\Z^X\^-^^X\^ 

[OO95]012tt, V=7y7^yT—fi--:fX^tziL 

t^^\z^xh^\,^. ^n^mmmmz^-Dxtji/utf)-^ 
zL(Dmi^xiitTmzmmv.mx$>^cu=^m^^x^^^tz 

It), mi 0X'(D1 3-^^±^<^r)^ (l-5)S:!C<tD 

-l-TX^-f >h€r5 0%jfi^{C^|#Ttf^;i<i:i:;^0. 
AW TXTp-r > HSrSjii?7S:7l^-f > K lCt)oT< S d 
Bili:)^i:oTL*'5, ^^fd, TftfcC uJPS a&tf -5 (cfi^ 

[0 0 9 6] R±©i3^C^W-^**a;t^*. Gu r n 

eymmzmm(Dh^^otm^x\t.. n^TT^it^-iy 
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[0 0 9 7] ^btc:. MR^^t^^Bf^tttU^a,-^:*^ 

i=>^xh. *H!RfW^5 4 2 2 5 9 ma)m\tmmmji 

^iiitt£-oX^''f£i^K a s - d e p oTCOMR^ft*® 

ma^m^Vfmb 42259 i^{cEt£®^-5j;ei(c. 

[0 0 9 8] H^tC. G u rn e y ^n<r)mmM(Dm 

(±iB (2) (Dm) iz^Kii&m.r^t. Tmcum^n* 



(13) !^g|2 000-137906 
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* nmCOt^tCa s -d e p oT-MR^<t:*;(>U . 8%-r 

not, 0. 8 %ST^{t:-r^o f*{ciz!i-<-5J;^(c. z. 
(D^ts.WM\±K^m.'^m\Z F e M n l^Tt.^^ ^1 i: tc 

i^, cnTtt. iist.iMRffi^ii^-r^©(cffliifd:ffi» 

t° > :/ ^- (c J: o TiS I tc«!lf $ -a-fcM R ^ 

Jtte^J 3 : i^F^Jp 10-261209^ 



Ta5/Cu3/Tal/NiFe5/Cu2. 5/Co2. 5/FeMnlO/Ta5 (-^{iEttnm) (3) 



1 0-2 6 1 2 0 9#Wiiiffl»{CMS^$tlTVi-5± 

E (3) coMT'tt. TaS^LT-7U-H(Cieg^-rSC 
u ->-V > Jtfe^J 2 T-S^LAc*H^fF^ 5 4 2 2 

5 9 m<D^o\zu.Rmt'^cox\f.>y -<)V'^-n^^ 

\^t^\^fs.if'^. ZL(D^-ots.%mM. (3) cc)MoJ:o 
[0 0 9 9] *-r. A''1'TX4?-1' > htC-^^^Xtt, itfe 

^j2<D (2) ©MT^LAci^tc. mmy^j-m^m^^ 

TX/J^-f >h(±II^T^;^cl/i„ ±iB (3) 

/N'^f 7X ^'T > h ®-fe >X«8Kte#1t*i/h;^ l» t 5 ^ 

b*^L/d:75^-e,. ±ie (3) (Dmmf$.T'y^j-m 
>ht)mMX'^ti\^\ -D^Ki (3) (Dm^omx'Mmsi 

[0 10 0] "tayz-t^^Ttzmz, ffhSiCckO^s&fc 

[0 1 0 1] ^3 : itfe^J (3) WfigTWA'-rrXJl^-f 
>h 

NiFe Snm 
1 0 8 % 
10 4% 
10 0% 

1 OOe iV^ott^rffllifco «3 



MR height NiFe 5nm 
0. 3 tim 8 6 % 
0. 5 ULTCi 8 3 % 
0. 7 )Lim 8 1 % 
Cl^THini bTtt. 
5:^-5 <i:, lt«<^J (3) CD^fiX^MTtt-^fe-^fcN i F 



BN i F eM»*«3 nm<h?g<;S;^t*-r*-rA'rTX 

[0 10 2] 0 1 3tt. ifimm\z^n^n-(Ty,-^^^ 

20 M^-a-TUSofcfce^tCA'-fTX/J^-f > h*t:7U-HI|t 

tim^^iiz.^x\t.±< iitiu^mmzti-ox\^^^o tu 

H p , nT^T OS U # b t C 5 T&^-tf P {C ^ t ^ *i 

mm^'^-( T T^^^-r y h !^f£(Dx\ ±12 o) co^itcoj; 

[0 10 3] $e>(c, _hiH (3) (Dmm^^-r^m2!^ 
s<o^M:-tti.x, mmmitiZ'Z-wM^MRmtm^ 
30 n^nu^^j^^mi/f^ztti^x^^, -rfs-io-^, (3) 

*tm^'iS#«Jl i 7 'J -H ® fflfC jf A$ nx ^ ;t 
M»XU-Htc;iofci#(c, Gu r n e y!l#fFTf#6 
tlTV> -5 J; ;^i:M R ® X If > X -< ;UiS' -Sd^^tff e> ni^c 

<t^^xL^o. mizni&-r^:^mmxmz^:h^^m 
(3) <Dm^(Dmx\tuR$^imtmTvx^xL^ 
[0 10 4] &.±2.^(Dm^izjzo. ±fH (3) <Dmm 

[0 10 5] it^m4 : Xtf>X^';V^'-^j:Lx->>-fe 

Ta5/NiFe2/CoFeO. 5/Cu2/CoFe2. 5/RuO. 9/CoFe2/IrMn7/Ta 
5 (*{4ttnm) (4) *Jtfe^JIC43ViT«. t!>!RF 
i4^|Bl±^ii--5;/5:ise){C, -»-t5^^' -y i'AFIfjfi^SIB 
Lfc. Ru (;i/7^:i'^A) ^^Lfc2HO?gfigtt)l«. 

50 ^(D-':fj(D^m^m\tK^m\tmiz^-:}X~y]\^izmm 



(14) 
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«^T- . $>^^mo)±^ s *^'^n«'ffl ^ d i *t pj^ 

®«S^K^«»:k O e t^y VmrFm(DmW^^^ 0 
>hW±T©fcf>Jl®Ms * t omti^^y h(D^—>^> 

htnx^n^. rut)*,. 7'j-®{ci5«t{s-rif>?i 

-169026 , 

[0 10 6] m^it. iti&m<Dm'^izit^-.y h<Dii>m 

[0 10 7] 01 4«, *ltlfe*WJ{Ci5(t;5A''r7X5i^-r 

^it^mcommzid^^Tit. y')-mitx}d>/'\juym 
<Dm^^^comm± >'5'-t^i±^< \t.fntz iiz.^\z 
fifibTv^^fci*. mmwii^jtt^mz±^\^^, h,„ 

nm^mrrt. :k^rinmM.nH^jz^v) , mM^^^ 

[0 10 8] *tt;i!f^J{COV>T®A*-r7X7j^-1'>htf^ 
<Dm^^^A\Z5n-t. 
[0 10 9] ^4 : it!^«aj4 0M®tf^{:ctDf#e.nfc 

A'-i'7Xi}t-r > h 

MR height HeutH„,„T H„ulH„,„T 
0. 3 ixm 88% 22% 
0. 5 um 8 0 % 1 6 % 

0. 7 um 7 3 % 1 0 % 

C:c:-eH,„tUT2 OOe iiti'Ptt^fflti;^. ^4*^ 

X/l^-r >h«3 0~5 0%Om^Umt^Z.tifi-Xi'^f£. 

[0 110] Jlco^itT-v'A'X h;W7Xi£f#-5^a<i: 
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<yi7AF«jtT±TCDtf>@JP*^L'<. :3St3tf> 

vx. ^(D^^tjiHi^^df^^ y-iz)ir^j^oi,zm^m^ 

[0 111] ^fz, 7U-)l(DX^— y-i:S*f#JOffitc 

Mmnmn^u^'^cDx. it^mi t±<mm(ommxmM 

O^-y \'tLX^^fj:iiif]'§:mU-t^:ititX'^i3i\^\ 

:in% :^mmfjimmx$> -5 „ 

[0 112] lhK±<DJ:^\z. /\''i'7X/J?'f > h. iSm;'7 

[0 113] lil±.mmLtzJ:^iZ. ;*:^HJ#tt, Itie^J 
-BSr^j^PX b°>A*;i/:/Mi: LT. ^^L.fe/\*f 7X# 

i^«*^jb-5c<h*, mmizmi^rzmmm^(DmMiim.f¥ 
=^no!itiz^-Dxm^-fy^izi.rzo ^vx. $e)tc?sg 
c7)iaf^«^it^si]!ffiL, &.T\zmm-r^m^^mM-r^{z 

^■z>fz„ 

30 [0 1 1 4] 01 5ti, HfI£!iL75:#tt«^J«Xtf>/\';P 
J;-5X tf >A-JU:/jR®A*-f 7X7}?'f > h 

<Z) 7 'J - * ittt L ^ L y ^ :7 0 T a5 

-So iin$T^LT^/t=&]te«^JcDX If >A';i^7'MT-tt 

■5::ij5<*?y6'>^. ddT. Sig/iA'-f 7X7j?-r > h«, 
3 0~5 0%©«gHiC^^<, ^bT. m&^+i^\zn^ 
ftSbiZii, fgt.iM s * t (C*3V>T. i(D|gHf*3W?^7 

[0 115] ^njc*fLT, ^iti^Mit, \^^m%us 

40 * t -fymi^^mzm^x . A*-i'7X7}?'r > h75^**ji7i® 
■iTx-^-r >h(Dm.m^mit>x±^<. A*<7X7t?-f> 
[0 1 16] ;insc^*LT. f*ic3¥ai-r-5*%Bjo^]!i 

1 «. Ms * t (C*t-r-5AW7X#-f > h cD^t!i;5i;S 
i6T/h$<. A''f7X#-<>htt. «iC«ja75:|gHl^lC 

[0 117] 01 5tc43I.^T. itl&mUzmbXMs* 
1 75^5 nmTiJ^±c7)±^;^ji:c:;5T-^>t1-^±cD/N*1'7X 
50 7l^-r>h;i^3 0%~5 0 %CD®ffl{::(JVioTI/if<tt'i/&^. 
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<tLTV»-5fE^^STroMR/N'r hSO. 3Mm~0. 
[0 118] Vi-rntcLTfcMs* t*^5 nmTig<T» 

[0119] 0i6«. ±mvrziti^mi-'4ff)m&iz lo 

mt^A^izcoj^^izm.itf^A^^mi^tzifyymx'^ 
So z.z.-x:\ mmcyuRMitmt. m^cDh^yT.yy 
ti--:r<Dm.mzmt\tm-r^m'x&^o itfe©;^*, ^ 

[0 12 0] CrT. Jtte^Jl~4«]^t. 
Jg^J 1 OJSCOM s * t li, 7U— HCDN i F elKff*^ 

x.7t-tt>y;u<S:$Sft:b. ii)^^y2K)]K«:7'j-g©Co 

F e®^;?S^X.;tt)©S:f^fi£LAc. in^©fit«. T 20 
7 k O e CDiS^tf'T 2 7 0 1 0 B#FBl®y P-feT. 

[0121] JtK^J 2 t Hffi^lJ 1 . 2 ®iiS#«« 

ttMJ*2 nm(DC u <t LACo 7 U — IfcOM s * t t L 

bfe, ^fc. 7U-B©Ms ♦ t tbT«, NiFeCD 
Ms«lT, C o F e ©M s 1 . 8Ti:L. f'^Tl 
T©N i F e^»«Mi5T-^Lfc, 

[0 12 2] ^u-ufc^-r-sia^mw^^bfiiiitfti 
[0 12 31 mmm.m^mr^itmm2a)mT'\tMR^ 

{YM(D-y U -mu s * t ^fe^tt^iJtlitW/JN^ JK5i 
att]^(Cft^«^-&S:^j:ViF eMnS-fflViTt/i-S;^*. 

[0 12 4] Jt*^#tJ2. Itfti^J 3 ©I^Ttt. X'^-- y-C 
u t7'J-JlN i F e iORgtCO. 5nm©Co^L< 40 
(±CoFeS:JfA-rs<*:. 1 ~ 2 % St'l^^cf ©fjiJ: 0 
%±^<1S.^1i'^. Ms»t{C*ff -Sft^tttSN i Fe* 

[0 12 5] -:^r. *5!ig{c:J;§7'J-»lcJ|jbfcffi^ 
ffll^i-gxh. T'D-tX^MatC^t-rSMR^ft^cDW^It 
•So !RfJC. 5 nmTJ:Ot)/h$<:^Co;t<i:C:^T. JtlS 50 



!ttM2 000-137906 
28 

0ij <i: ® M R ^{t^WHTji^ ^ < S d i ^ , 

[0 12 6] ^xT\z. imm(nm.%.mi^^m'^\z-o\-^ 

xum\zmMt^o 

[0127] H 1 tt. if^^(Dm.%.mmmn^(Dim 

mmm^\t. mmnm i o i i, 7 u-s i o 2 i. x 
y-M lost. ^1 (D^m^i^m 10 4 i^^ig 

1 0 5 ^2®?Si^14#:« 1 0 6<!:. S^lSSffiKl 0 
[0 12 8] :i<DmmzJ:io, mz. yu-mi 0 2^ 

— )!S6<HC^^>"J-»®«^iC«iiSMR^ft^ 

*mm\^i,z< <f£^(Dt:. Simj-MR^itmoymmit^ 

[0 12 91 -rfs.t>^. *5!I^OXtf>/N*JU7'iK«fi£{C 

^mmx^^fzsb. jsmij^^^vxm^zLiit^x^ 

- H , n=Hcu^l|3^-rs :i t {c J: 0 Aff ^CA'-r TXJl^-f 

[0 13 0] S-r. H„,n{cMbT«. BffEIB2CD^a 

F«jfe<£:fflt,iS;it{CioT. HfiSfCHp.ntLTf^ffl 
-rs©«*ffE^l. ^2(Z)5iffiStt#:cD2B©iS^6«):^M 

[0 13 1] C:n«. (1 -4) iC^iz^Xt). tf»lCO 

(Ms * t) pin^iB:M$-&Sc:tdiH„,„<£ia(D;it«){c 
1. <t I i O d t *^t)35^ •& . 

[0 13 2] L-^^^LAcC^t?,. S^?7U-)l©A'-rTX3i^ 

i^mcomzmL-^i^^z.L\z^-z>x. T.^zyiw-i/m.^ 
^m.tx^nM(Dm.mi^^(r)^'tt^y^)-m\z]S:':3n^z. 

0. (1-5) (1-5-1) iCtCtJViT, 

^-(f<D7,}d>/-^)iym(^t^iz\ti:,AmmL (t^v- 

A rS- T'W X If > A'Jl/:/]^© i ^ tC ( J I , *^'tiJjD-r 

, mwt^mitc-^^i&T-r^^tizji^x, mmm^ 
•D(D±^f£m^ti.x. ^mMxMMtLx^^^mMy 
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[0 13 3] Hp,n-H,„ = Hcu ^^^LTHMT-S 

-mtm < a i: H ,jt-fi&mzu:k^ Kts-o^r 

"ttl^^mLT. 0 — 2 0OeSa!®|gffl©H,„T 
[0 13 4] 02tt. *:S!BJ<7)Xb°>A';U:/m(C*5l.iT 
U-H^ffli^ifcH s A^/h-^tih^>xy7-ti—y\zid 

ViTfc. Horn. Hcu. H,„©-r^T;5^{g«$nTVi-5 * 



30 



10 



*fc«6, Hpi„-H,„=H.„«^th7i^*prtg<h7i-^T*3 0. 

[0 13 5] ^tc, /\--rTX7}?'r> KSr)*^-r-g.§S 

[0 13 6] ST, ffiHcufCOt^TlfteaT-i). ffilClftga 

S«ffliJ(^ffl(c}gT^ffliJ(riS#«li^I5(t-2. ;i t (c J: o 
T. (1-5) it(c*3tt^C®ffi*{B;MSl±. ms^ai?- 

[0 13 7] 



Ta5/Cux/CoFe2/Cu2/CoFe2. 5/RuO. 9/CoFe2/I rMn7/Ta5 (*^4tt n m) 



±fa<DJKfC4oViT, :7iJ-B(Cj*LTVi.2)X^ 

—9- 1 «SMffliJ<75i«S«B c u roMJ?tc*f-r-5 y U -« 

Z.X\ ■fe>XllsfStt4mAi:Lfc, (HlB75if,*5*>^J;^ 
{C. Cu©i»ff*JtJp$-a-SHi:, (1-5) ^©C© 

{it?j>^/jN $ < s ;i t tc ct o T . m.m.m^H ..u^mn $ n 
Ti/Ko y'j-m^K)t>±.mmiiTmmt(Dmm^mit 
L < /cc o eh # t tt. 7 u ic j!)p^3 s 

[0 13 8] Hat^^^iSM^-a-Tl^-S^li:^^' 

H„in.-H,„=H„„ ^m.OtL^-^^Z.ii\Zj:-oT. 30 
7X#-f >hiBM^fT^Tl/iSCDT> Hfra!L-/tJtte^J3 
(D^O\Z. «Mlf^-tfD(Cjfi< bio i:-r-5^tf-t?« 
/N'-f T X 4^-1' > h liS:*^"^ BjtgtC T L- S ^1 T-fe 
S, 

[0 13 9] «fl(ftfiS#©li,^C7i^e.-r-5<i:#^tti«#«)i 
C uB<75lK/?(J. ;*:^/i®HTtie) <i:> 0. 5nm~4 

nm(DmmntimiEmmt.\^^oz.t\zts.^. y>j-m<^ 

mmnmtLT, cu^m^^rz^^. m^(D^mm. h 40 
LKitmmm^m^^^m-^izit. r^xcuizmwi-rz 

mm-V^^^Z-iiA^-V^^. m^ii, RuI. Snm/ 
Cu 1 nmi:V^5»ttiS#«B©«^{C«, HfiWiC 
^kubtziti&thlitR utt30/zQcm. Cu«10wQc 
rrD^CCDT'. Cutfe#T(l. SnmXlOtfQcm / 
3 0 /iQcm) + 1 nm= 1. 5 nm+9a<DC uMJJi: 

[0 14 0] mmizi,i-A^(D^m^mi^fzm-^izii. 

miZ^it)rz]tmn.tl.X. Cu«10uQcm, Ruit 
30«Qcm, AuJJlO^iQcm. AgtSlO/iQc 50 



m. Ir«20AtQcm, Re«70jLiQcm. Rh(i 
2 0wQcm. Pt«40/zQcm, Pdtt40MQc 

m. Alttl2/zQcm. Os«30MQcm<i:t/iofi 

[0 14 1] iti^mizmhxmmLfz^^iz, ^o)iti& 

tn.'Dmimm-r^mmzii-oxMto^t^, i^m^mmm. 
m*mr^^n\t±^ < i^ti^z.hm£^^<Dx\ miEm 
mitz.ti'^cDm^m^^xM^rzmxm^x^^. 

[0 14 2] $feH<=„« (1-5) ^Xt)t^^^OlZ, 

y')-mi,zMvx±mtTmii<Dnm^mmz^-:}X^ 
s-5c7)T\ «ttii5#«H<i:(ij£#j(C'e:«-r-5X'^— y- 

« H e ufSM t i -5 « jSC;^^ E. , T- ^ -5 Ac » t, i a 

^dW^bt^o j:ntt^©giMcr>MR^<i:^wxtf>7 

iltt. X^— y-M/?«l. 5nm~2. 5 nmSKdW 
*bVi, 

[0 14 3] IIS^a#Hcu<£M<h<!: 
t bTOtStgt)*fcbTt.iSo ^©Si^lcSSbTjatt 

y<)-mmizfi^mT^mmn^^^^^t. ^u-sw 

>iZ^WLU^^^X^—*i-0)m-^UM^^i3.v:()W 
t, X^— tJ-Httl. 5nm~2. 5nmgM*W*b 
[0 14 4] ^fz. 7U-)iJ»tt^'i7>Xtf>OTi^g 
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tf>0¥i^aSfTattl. lnmmMU<D-C> NiFe 
OlIJJtLTtil nm~4. 5 nmg**^*ftfcif ^ L 
<, CoFeCDJl^ictJl nm~3 nmgS;^!^'ftfc$f^ 

Ac -7 U a i'M R CD t°- i7 t § jSj 

oFe2. 5nm. C u X'^— tJ-P 2 n m. 7'J— WJ? 
CoFe 2nmCD«-&{C«. iS#««tCCuS:fflliit» 10 

i C u » h - ^ ;H^J¥;5^' 4 ~ 

— ^JPi^fftt, >^>fc^J6T3 nm~5. 5 nm@ 

[0 14 5] Hp.nlCOt^TiftHJ-r-So Hp,n<&ffi 

i«$-a-^fc*5tCtt. BsTin. STOCoFeT^^^M 20 
7itf>WSri^<j2 nmiJ^T (N i F eM»:T3. 6 nmlJ!. 
T) . L.<tt*^W;^i;tf>j?l nmlJAT (N 

IFe^STl. 8nmiil,T) tCf ^ C tTS^'S* L- l^o 
^c7)t°>B(D|^M^Si: LTti. ->>-ty=-^ y AFm 

Ruo. 9nm/'mm.^m2ti^omm^^tii<o. 

ItM 2 oa^t:::^l^^tti£|p!#T^oi^^^t8^«?S: k o e t 30 

m&vtm 2 ©M s * t (Dm-^mttmuii ymmmmzm 

J^-r^ t^^^n^ 7-169026^^ 

[0 14 6] ^J^«. IrMn/CoFe2/RuO. 
9/CoFe2. 5 mmo^m&iltnm) t^^^omf^X' 
«ll^/)6<)fd:tf>IP(J2. 5nm-2nm=0. 5 nm 

mmMm\io. 9nmT) tii^jiiiio^-g), m^m 
is.\d>mmAmt^-v^?>t. (i -4) iC75^?>t)*^-5j; 

[0 14 7] ^^tc. Hijz-oi^^xmm-r^. a'-ttx^ 
y- 1 L Tfig t>n ^ c u g $ tiT ^ ^ « < T 

mX'<DM:i^mUH,r,(Dm.ti.Tit. 0~20Oe. 
(ra*L<tt. 5~1 50eg«(;iffll^^^:<h*^aSL 
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[0 14 8] MR^<t^OKiittlC:3liTltt?a-r 

-5. mnyj-m^m^^rcm-^izit. MR^itm<Dya 
-^7.mmmizMr^Mmi^^mwr^:ith. mL<m 

MRm<\imim^=s:^m-r^rzi^iz±^ < tj^fx 2 

M«^**«o -f-® io^**^-^iU±««tti«#«B 

ttX tf > 7 ^- UT©S«iJ 

MR^ft^(Oim'l4Srl6]±$-ar-S<tl.i'5^9:SiJt)^;t 

■r ;i i: b o z.rnty>j-m (Dmmti^ 4 . 
5 nmm&xi,t^nm^mmxmj.^^-^i. 2 nmmmz 
^xm<tj:^t. ^mi^MmnmcDh-^jmmtL 

i^m^mmmm^^O nnKDt^lZit. as-depo© 

MRmtmtya-bxm^B^m'i^ (2 7 orx 1 ob^w) 
(DUR^itmximMitxms o%fe«^>L.Tb*p 

T. 0-^3 0%(DU{>\zm^?>^tt^X^^o 

[0 14 9] ^^{ClinfcltTttS/cMR^ft^cDjSi^ 
^t:*(c^Se,t?#;0^'a&^, C©ilH!5^*2-r)S®]!igMT$. 

eMn/ci;i:^ffiViTV^^i:^A^\ ±i5«|^^{l:^3 0% 

o)m-^x$>^. tzL^tK R^m^muniihx I ru 

n^ffll/iTVi-St^fCtt. 0~1 5%co^i»*T{i:« 

#(ctta s - d e p o®MRS{t*«SiJ^^tg;^f*^, *3 
*3trta IrMnWas-dep o ©MRS^t:*®fil. O 
SDI^^{W0%^S|:K-r-5Cli:*^'T^f). Cin«> M 

D. I rMn. PtMn. PdPtMn. RuRhMn 

[0 15 0] m4it. lil±(D^hli>izVX, Tvp^h'J 
1 0 %~+ 1 0 %< O^O. A'-fTX^-r > h 3 0 
%~5 0%SI|31T'5fcJ?)®->>-fe-T-^' >;/i7AF(Dfcf> 

#^?st?;5't4j tit. iEm^mmziiif^m±iiiti(Dmtim 
V 1 i, Mmnmmz:tnf^n^tii^(Dm.mmv 2 ttc 
<to, (V 1 -V2) / (V 1 +V2) i^«-r^, fie 

oT. r7->>t hUTjt- 1 0%~+ 1 0%J 
r (V1-V2) / (V1+V2) (Dim^. •7'f:^7. 

0. iji^±y^xo. iji4Tj X'$>^z.tiz^m-r^, 

[0 1 5 1] Hp,„-H,n = Hcu ^H^-r-SySlidiC, 

^>i^Ctio OSO. iC (1-4) . (1-5) *^e.t)75^-5 
Jc^tC. -yy^T-^ yfAF<D±T(D\:£>mi¥^ ( (Ms 
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^m<Lm-fm'£u^'r. (Ms*t) r>in^i<^^(D 

[0 15 2] i^>^5^^ yi^AF^mfi^'t 

^m^^\^ymomm^ t m (p i n i ) . m^^^^ymo) 
mm^tm (p i n 2) . 4^m^Mmmm(Dmm^ t 

(HCL) (ItStrLl 0 uQcm<DCnmiZ^WVrz) 
LLfcttlZ. 0. 5 nm^ t m (p i n 1) - t m 

(pin2) + t (HCL) ^4nm, t^^D t (HC 
L) ^0. 5 nm^m&'t'^t:i^t^:^mM(Dmmx^$> 10 

Z.ZLlz\ 0. Snm^tm (pinl) — tm (p 
in2)+t (HCL) W^^TXTi^-i >h^^3 0%}5: 

m (pinl) - tm (pin2) + t (HCL) ^4 
[0153] CZ.T\ tm (pinl) - tm (pin 

2) Jtt. Ms:fy^iT<DN I F eizmn\.rzt^<Dm^ 

J¥TfeO> ^JAtf. P t Mn/CoFe 2/RuO. 9 
/CoFe2. 5 <hl/^3«^<7)v>-tr^^ >y^AF«it 20 
(Dt^\Z\t. (2. 5-2) XI. 8T=0. 9 nmi: 

i^^o^tizu^o itm<Drzi5b\z7^i^tzit^m(^m 

Hp i n1«igcD«^tC«. #«p i nm<D (Ms * t) 

[0 15 4] ^fz. t (HCL) mm^Mmmm^c 
umw(Dmm\zvtzm^x^$>o. cu&sf^oy^mit^m 
mm^^^^^m^izit. mmLrzit&tnm^m^^x cu 
WkW(Dmmizr^ z t^^Tr^^o 

[0 15 5] ^tz. t (HCL) ^0. 5nmtS, 4. 
5 nm^OhM^^yU—miZi^n^. MURm^O^tz^ 30 

\zsmum&^Mmmmo)mm(Drmm^m^r^ho) 
T, ^m^Mmmm(Dmm:^^3 nmj^±{zu^t. ar 

sf)mTT^m^^^$>^(DX\ t (HCL) ^3 nm;5it 

M^L^/^o i^y^:^^ yi7AF(D±T^ymmcD 

'r^it^r^OX. tm (pinl) - tm (pin2) ^ 

[0 15 6] Ei4{ct$viT«, mmLrzitmn--4 
m\zmmr^^^m(D^mmi(Di^o:)y'-^^^z/a 4o 

mn,mmm:f)mi^m^^z\t. mmo\i>m(Dmm.mm^ 

mm^^-(i-7.m\zt^:zttvrzo i^y^j-^v^A 

mw\%'^^T.-f'7 7.m\zh^zt.\z LTto 
[0 15 7] nmti^hf^t^^^o\z. \m.mt^x^n 
u^mt^^9vn. /WTXTp-f >h*^^,ii. osoTv- so 
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;^ hU*^';^^(/^;6^\ *%0^tCcfcntf. 

[0 15 8] iy.±Itt0JLfc*^0J(Ci:^. v>ir7=-^ 
AF{Cck^/h$?^j:HpinS. /J^$;^c^:Hcu{Ccl:'^T^r 
>ir;i/T^. "::::>SOHpi„-Hi„=Heu&*?gT-&/t-f 

(IISS^Jl) h^yT'SFSV (NiFe/Co(Fe):7U-/i) 
Ta5/Cux/NiFe2/CoFe0. 5/Cu2/CoFe(2+y)/RuO. 9/CoFe2/Ir 
Mn7/Ta5 ( 7 - 1 ) S?4attM*^*:7 U -Hct 

0 t)±H«JCfi:Bt^^. h^yy^^-f ycZ)Xtf > 

[0 15 9] 0 5«, ^^M^njcDJt^JStriSi^m^O:^ 

yrm \ 2co_h{;i. *^H.^{cJ:^#W<^iS#®/il 0 
1, 'f-(^±{:::7U-H 1 0 2. x-^-ltHl0 3. 7^t« 
S^tl. ?S6gtthf>Hl 0 4, 1 0 675^\ 105^^n^L 
TS^SateMtCfe^L. 1 0 6(7)tf»l:0>'S5SSSttlil 

0 1 \z^^x-^n\zmm-^trz\^^. K^^mim \ o 

7co±{::(i. ^^v^m \ 1 3;^/^'iatt^>nTVi'&o (7 

- 1) <^Mi«ig^i. y^)-m\ 0 2;5n 10. 1 1 i(Z) 

:::M<J^mmm:h^^WO. 1 0 l^O^J^HC 

[0 16 0] (7-1) COMti. C uTi:tetCj;^MRCO 
-tr^"^ ^y^AFtCj;^Hpin{£M?i)*^fflV^T. MRch 

n^Ty.it^^yvh^ntL\.fz^t.u^. ^k^mjcml 

[0 16 1] «5 /t-TTXTt^Ohtl-ffJji 
(a) y = 0. 5 Hin=20 Oe 
x = 2 
3 7 % 
3 1 % 
2 5 % 

0. 8 Hin=20 Oe 
x = 2 



MR height 
0 . 3 Mm 
0 . 5 Atm 
0 . 7 Ai m 

(b) y = 
MR height 
0 . 3 Atm 
0 . 5 Mm 
0 . 7 Mm 

(c) y = 
MR height 

0 . 3 Mm 
0 . 5 Mm 
0 . 7 Mm 



4 6 % 
4 0 % 

3 3 % 

0. 5 Hi„= 1 0 
x = 2 

4 2 % 
3 9 % 
3 6 % 



Oe 



^IdTTfl&Cu/PtS, 2nmi:L;to *M?^J:*BOiiS# 

nmi:i^^f^^^m(ry(Z \iyW.o:>h'^\Z\XW,Jf^2 O O e 

AFCDtf >;?^7i^0. 5 nmTtt^if^^cA-f TX7t^-f > 



(19) 
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5 (a) (Dm^f)^^t)^^^o cnx-h^^mmm^mT^ 

^Z^tyj^uim^ZU^o ^fz. ^5 (c) 0J:o\Z. Hin 

^T^fT%mm\zj^-< Txs^ > h ^^m^miz-r^ 

t:^^X^^o g5 (a) , (b) t (c) ^it^X^tl 

hfe#tt>6MN^<^i:^75^\ (a) t (b) (DO. 3 nm 
C^>t.i<7)ilT«^5t^(^:»@*>Yc^:l^^DT. y = 0-ln 
m(Ms*t = 0--l. 8nmT in N [ F e) -f)^ 
»^L<. $^{;rM^b<tiy = 0-0. 5nm (0- 
0. 9nmT in N i F e ) cO^ffl*^. A-T 

\z i^^nx y o)mo)m^-^^'^mx$>^rz^m^ 20 

[0 16 2] Ti&Cum\^/UT7.7^^ >hm&tth 
\z. UR(D7.}f>y^ jv^-mM%m^^x\^^^o TttC 

uj?S:ff<-rn^i'Hc u^'^/l^'^Kt^^'fyi. AR s ^O^^gM 
UTL'*^)/!:^?). Cui¥0. 5nm--5nm. ^tcM^ 

yhr^o mmmzn^tiTzm^x^^t. Tifecu»<ha 

ity^)'-m(Dmm(Dm'fy^4nm^5nm(Dt^\ZMRm 30 

[0 16 3] (7-1) (DJ:ot;:y'J-mmfS.om^lZ 
TJtCuJ?;0^*O-l. 5 nm^TfriCulSltSPfcJ: 

^7s}d>y^)i^-^tj}mzj:^MRmmh. cummm 

lZ^^Rsi&m(Dmm^'^^XO^=¥^>±)lL. ARs 
m^t/vE^it-^^f^^K 1. 5nm-'2nmTti. AR 
s7!/^*^i^0. IQ, 1. 5 nm-'3 nmTii, A R s 
0. 2 SOm^i^LXL^Oo ARsC0{£T«^OS*tH 
tf&TlzmiitmVXL^ofz^. ifSb</j:Vio 

MSUl^^^lc^^. C(Dy^J-mmf$.X\ TilfeCu/*3 

m$>rz^(Dm^mmt/\^•^<. f)^^7.\:^>j'^)i:/mm.^ 

t){S:TLTV^^fc56. AR s (Z){g:T(::ci:'5>m;'7{gTSr. 

uff^ritJp-r^CchlCcfcoTAR s*n 0%iB:TL;t<h 
^iz^t. #iJx.«-tr>Xttat^;inSTc7)fh»(7)4mA7^^ 
b 5mA{Ct*'5C:ci:{CJ:oT2 5%ltJ!jPl"^C7)T\ AR 
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[0 16 4] :7U-H/P;iWt/^N i Fe4/CoFe 
0. 5 (nm) (Dm-^lZit. TftfeCu/?«0. 5 - 2 n 
mSS*WSL<. :7iJ^H/^^^^Sl'^N i Fe 1/CoF 
eO. 5 nm(;)«^(C^j:. TtfeCu/iptS. l-'4nmg 

Sfe#BCoFeCO/P$«0. 3-1, 
5 nmcZ)|SHT|g;^Tfc1iEt);5:V^p ^fz. C o F e COjO^ 
*:)0(C, Co. t)L<«ffi<7)Co^^*fflViTfe«to;5: 
V^o CoFeO)i)^*^D(::Co^fflt/i^*i'&(c^lCo*#: 

[0 16 51 m^lf-^. N i F e;5M nmOt^fCttCo 
^iO--lnm, N i F 675^*2 nmc7)ch^(::ti. 0 — 0. 
5nm, N i F e:^^' 1 nmC0(h^tc:^i. 0 — 0. 3 nm 

"PCoF e^W^/vXhmt:>r^^^. m^^-£. CoO. 3/ 
NiFe2/CoO. 5, CoFeO. 5/NiFe2 

[0 16 6] ifc. ^(^ct^;Ji:ffi5?igSttM(^«BM{c:-r 
-ST&^t^Otr. N i F e Co(7)^^>'U— HSrfflV^Tfect 

[0 16 7] ^fz. ^^rnxMrnzi^xi^^^^otamm 
y 'j-mximmM^mmr^^ithmm^zf^^o 
(Dmm.^tj^x. N i F e(Dmmi^m<u^i^E. ni 
F e(Dm^'^^jE\z±^<t^^z.t-/)m^f^n^o 

^m^^tz^lZ. ilSN i F e 8 nm/C o F e 1 nm 
t\^^oy^J-mx\tN i F eCOffi^tlN i soF e 20 (a 
t%) *^0^CD4. 5 nmTi^T(JOy U-li 

C7)«'&t;:^i. N i 80F e2oJ:0fcN i U y^{zT^Ct 

-^m^v^^ N i F emm-fy^ 4 nmmmo) 

(h^TN i 81F e ,9 (a t %) cfcOfcN i U y'^lZ. N 
i F eMi?7:?^*3 nmU&COt^\Z\tN i s,. 5F e 
18. 5 (a t %) i:D t)N i U ^^^tcT-S CI b 
l^^o N im&<D±mtLX}ft. N i 9oFe,o (a t %) 

[0 16 8] ±m(DJ:olz. Ti*Cutl««tgS#Hcu* 
[0 16 9] n^7X:if^-( yhtl^^Oj^Tb^^^^ot. ± 

m (7-1) (Dmxy t^\tnsL\z^ii>^n^h<Dx\t 
^ib<Dm(D\^oizmmM.^^i^y ht^. 

[0 17 0] -^(DmtVX'A<D^ofSim 

WimtLX. bf>«;^^*2 nmTOch^tCtiC uBtiO. 
5-1. 5nm, tf^BTin. 5 nmTCDch^tCtiC u 



(20) 
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\d>m*^0, 5nmT(Dt^J,Z\t 
\::ym^^O nmT(7)(h#tcHC u 

Tt:>B;0^*Co. U < tiC o F e (7) 

8 



38 



)l«l-'2nm. e 
1 . 5-^2. 5 nm 
Cu»^12-3 nm 

[0171] Z< 

t^\z\t\i>mo)mm\it= (Ms*t) pin/i 
T [nm] . >m-f)^N \ F ecDt^ iz\t}f>mmm 

\tt= (Ms * t) ^in/lT [nm] t\^^^Z,LJiZ 
[0 17 2] X^— yCuttCuCOflfe^d. Au. Ag, 

TL^'5cDT> 1. 5nm-'2. 5 nm. ^^{caiL 
<\t. 1. 8-2. 3 nmSSiO^^aSH/^o 

CO 1 7 3] x\i>y 4 )i^-m^tm^mm&no:>rc 
isb\z±^rmm^^tzLx\^^^Ti&Mm^mm\t. z.zx^ 

mt)U^\ Z(Dt^. hyy:^\iy/'<)iymiz:^^^x 

miziit. Au, Ag, Al, Zr, Ru, Rh, Re, 

en^d^, T^un^f:>^^t>^^^^m^mmm\z'r^n 
-zxDmw&^o Mi^mz\rA(D^ot^^mm^^^^^ 

[0 17 4] Ta5/Rul/Cul. 5/NiFe2/CoFeO. 5/Cu2/CoFe2. 

5/RuO. 9/CoFe2/IrMn7/Ta5 ( 7 - 2 ) R u 1 nm^T 

mtLxm^^^:it{zjz-ox. m(Dw^m^^^\^±.L^. x 

^-^2 nmT^'U— BcOMs * t ^^N i F ej^©2. 
9 nmTtm»y^)—miZhmt:^^-ri 0Oem&<Dl& 

H .n'^^^iz^^'t^ z. tf)^x^^o i&n i r.(Dmm^t/i 

0±T If >» * O < T Sff ^ A*-r T X 

uCOmm\tl nmtVrz-/)^. 0. 5nm— 5nm. ^ 



(7-2) (DmX^t. HeuSrtf»r^ch# 
. ^Jxfri\ RuCO^-g-tC^J. 30AiQcm 



[0 17 5] 

{Z\t. RuCO 

chCuC0JtH:ffitrL^^*^3fg;ifca6, H^^t^^^omj^X^t 
(7 ~2) (DmitCum^MXl^ Snm<Dmtm^t 

^^oztizu^o fcfcLURtiy^o m.^xu R u x\tm. 
F e \zy^ hizmi^:^i±^z:tx{t7.}^>y^j]/^ 

10 -$j}^m^t/v^n^tiu^^. ioT, y^j-mizmr 

^mtLXlt. X^:^rzmS:m.ifi(DCu. Au, Ag;^j: 
<i:70^'SSL<, RuUE(DUn\tCu. Au, Ag^i:ch^ 
L-TzlStcT^ Z. ii^m^i^^^t:>»X$>^o z,n^^ 

[0 17 6] ^fz. Z.Z.X\^/'\yyrmT atRu^t) 

i-fx^^fz^^. Rum^y-^yyTmtvxco^^h^m 

20 [0 17 7] A*^y:7TJl^fflV^^«^f::tl, Ta(7Dft!l 
\Z. Ti, Zr, W, Cu, Hf, M o b < ^ 

)N-^fflViTt), Jii^^il nm-7 nm. Se(CifSL< 
^1. 2 nm— 5 nmgS^^WSL'l'^o 

[0 17 8] ZZX\XK¥mth\^X I rMn (I r : 5 
-40 8 1%) I r MnCOMffchbTti^ 

3 nm— 1 3 nmg^;^W^ tV^o I r Mn ^ffll/^^^ 

u^yhchbTti, m^mnx^^ms.\±ym^tm'^x 
^^fz^. m^&itiz\^»rzm^^y':^^y\^\zmLx 
30 i/i^, s^a*^^TVi^fc^e). ^maf^tciSMR^^t 

^;^j:F eMn^j^^S^'ffiiedffll^/taiTti. ^MR^t 

m^mmmwzmmr^:it{tx^u\^K :in«*M0j 
0!) ct ^ ^tsii y^j-m^m^^^t^\zmm\zmn^^m 

X$>^o 

[0 17 9] ^fz. K^m'^mhLX\tC rUn. Ni 
Mn. N i OSrffit/^Tfe.^t/^;0^\ mMRmtmMMOfz 

isbiz^t. m^m7tm^^tsAF:fym^\.\^\ tzt^^^i 

r COf^ibOJCP d, R h7:f:cH*fflV^Tt)^V^, F e M n 
40 "PN \MnU^\Z\t^XURmt^^^\^±'1r^rz^. ^ 

y \'\z^'^xr^Yzi-j\.mmm'^x'bMMRmtm^m 

[0 18 0] 



{ca^L<tJ. 1 nm-3 nmg^/0^*aSbl/^o Rui^.* 

Ta5/Cux/NiFe2/CoFeO. 5/Cu2/CoFe2. 5/RuO. 9/CoFe2/PtMnl0/Ta5 ( 7 - 3 ) 
Ta5/Rux/Cuy/NiFe2/CoFeO. 5/Cu2/CoFe2. 5/RuO. 9/CoFe2/PtMnl0/Ta5 (7-4) 

PtMn (P t : 4 0-6 5 a t %) U hch Rmtm^mm^X^. AR s KT^ Z. t-f)^X^ . 

D-feXTX-;Kcj;^MR^{t75^$^,{C iUl^M 50 ttj&^HiSbtr < l^ffifS U -BOX e>A*;i/>^MtC*5^^ 
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10 



V^o P t MnC7)>R;t^D{CPdMn. P d P t M n 
Tt>SVi (M^mmm : 4 0-6 5 a t %) o 
[0 18 1] MRMmi^tl^omi^^^i^^O t. Ti^kC 

[0182] P t M n \tnn.mf^ttm.tn(Dmh I r M n 

^<ffSbI/io ZLCDXO^Z.. (7-3) . (7-4) CO 
[0 18 3]fcycb. P t Mn(OT'><U hthLT— :^ 

tfSn^o i:oTP t Mn^fflt/^fc^^JC^iP t Mn(7) 

iiJ?(hbT«. 5 nm-3 0 nm;0^'a*LVio ^^(C^ 

^Ktt. 7 nm'-l 2 nmgS/O^^S^bV^. PtMn* 

(mmW2) h^;/ySFSV (v'>y;i/CoFe:7U 
Ta5/Cux/CoFe2/Cu2/CoFe2. 5/RuO. 9/CoFe2/lrMn7/Ta5 
Ta5/Cux/CoFe2/Cu2/CoFe2. 5/RuO. 9/CoFe2/PtMnlO/Ta5 



(21) 4$M2 000-137906 

40 

^om-^lzh. (7-4) co^ot;:. yU-m(DTm(Dii 

[0184] (7-1) — (7-4) (D^MMCO/^ U X 
t. Au. Ag, Re. Rh, PdU^<DmmmhL< 

[0 18 5] EI 1 5tcP^LTHuaiLfeJ:^»{C. ^mt&m 
[0 18 6] ^fz. mi 6lzmLTwl^LrzJ::v\Z. 



I) 



^^M^^JfC^V^Ttl. 7U-«chLT. (Ilffif!]l) CO 
cfc^jfcCN i Fe/Co-^N i F e /C o F e J: ^ ;^cJ:« 

H:7u-jiTi^;^cj:<, c o F emm^^^f<^^i^>y^ji^r<^^ 
yu-mm^^m^^fzo ^^oEiitcfev^T. y^j-m 

1 0 2/OWIi^coCo F e;^;^^;^j:0, iS#«@ 1 0 1 
[0187] (5nmT in N i F e) ^MM-T^ 

±UT<^^^. mm-^^^t^.^coF e^y^j-m-^^i^m 
Bt^^o^'j y h^^&^o coF eizmsomwTtmt 

UT, B, Cu. AK Rh. Pd. Ag. I r. A 

u. Pt. Ru. Re. O s cDJ;5fcCfeco^^.SpLTfe 
mt)f^^^. L/i^L. CoF e^^(D^^t:>r){z\zzi.Yt;:C 
o'^^{:i.^mm^mm,X^^r^^\ C o F e tic OssF e ,5 
a t OgeF e^a t fttCili^^i 

z.nummmmti^om}^^^^\zjz^o 

[0 18 8] ^fz. CoF eyV-m\t^m^t\^^om 40 

7.\f>y^ )\^^-m^^n^m^zm^ ^i^^o e» tffi 

&i:;0MN^<7S>5ct^)JC fee ( 1 1 1 ) Ef^ LT 31 <h7j^' 
Itf^Ll^^^. CoF eBCDXvt^Wim^mm'Py'EAy 

[0 18 9] z^yfJlCoF eyO—m\tMs^^N i F 
SrH^^-r^StCHN i Fe/CoFeTtt, NiFe3. 50 



6/CoFe 0. 
ht^^co\zli:ily. 



mm 4 n m 

iTtlC o F 



(8-1) 
(8-2) 
5 (nm) Xh-9)Vmi 
iy>yl]/C oF ey^J—f 
e2. 5nmXhO. N i F e /C o F e cfc 0 t>*<] 1 . 

fcy^>Xtf>coq^l^gSfTSco{itTa&^^l nmhit 

^xm^^fz^y-cjii^yoh'^n^T^^. NiFe/co 

^^^^frmt]E^mizt;i'DT<^rz^. ^cDTcoiS# 

«)i < t^ntsr ^ ^5 > h sssoj^^TM r 

[0 19 0]—;^. >^>y;l/Co F etCffiLTtl. 2. 
^Tilig#«Ii ^-3 ^ ^5 ^: T h! >c7)Ti^ S fitf 
Cu^m^^fzm^lZ\t. C uH(hN i F e/C o F e . 

hv<\tcoF em^^^u^y^j -mo) h-^jimm^^ 

4nmgS. t»L<tt3 nm— 5 nm(7)^^{CMR ti — 

^^t^:it^mm&^i<zn^nx\^^^o -^so. a-yt 

i F e/Co F eX\tX\z>y4 )l^-^^t\^^o^D 
h>'^>h^^(Drzii>MRCOm{>^hrzi'r-^^. CoF 
eTtlXfcf>:7^;i/^-^4:^(CioT. A^TX3j^-f> 
h iSfe (i: t fe M R ±#ai«0 Wit * «75^ ^ ;i t t&^T # 

:7 U CO h - 5^ ;l^a»TM R tf- i7 fiS;0^*^ i ^ CO 
X\ CoF emmtm^^li^E. MR\^-^t:t^Cum 
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coastdckDm^c o F e y V -m<D^^o*^x\^>y 4 
; p ^ - X tf > 1/ i M S u i ^ o 

[0 19 1] mmN i F e/C o F e (Di,^o^^MRMi^ 

[0 19 2] mmmmhmMmcommmT&^N i Fe 
mz. mmy v-mx^t^mmm^mmx&^tD'v. # lo 

m^^—^m^^N i F e/C o F e<Di,^ot^^mX$> 

[0 19 3] (8-1) <Dmj^X(Dn^7y.7f.^yv 

[0 19 4] :7U-)iC0Ms* tte^ttfcMLTti, M 
s * t h ^ >X V r-*-y_h<^«§?p?^^ 

^'^^^tf}mm\zt^'ox<^(D'x:. nm^nmcDmrn^ 

abT*5 0. *%Bjoxtr>A;i/y«cDsti-sffl 
f)^^m&m^-j \^(Dmhi.xm\zf)^f^'DX\^^^z.hmib 

[0195] ^W^\Z\t.. y U —MM s * t ~ 4 . 5 n 
mT. CoFeMJ¥2. 5 nm(Dt^\Z\t.W^^M(D^ 30 
0fcJ:]^J¥tiCuJ^»TO. 5nm--4nm, $e>{cSS 
L<mnm--3nm> M s * t — 3 . 6 nmT. Co 
F eJ^»2 nmc7)i:^(CtSCuM^ffT\ lnm-4. 
5nm. $^{CM^b<til. 5 — 3. 5 nm, Ms* 
t--2. 7nmT. CoFeMffl. 5nmCD^^(C[i 
CuM^ffT, 1. 5nm-5nm. $e>^cM^b<^^ 
2nm--4. 5 nm. M s * t 1 . 8 nmT, CoF 
eMIPl nmCDt^tCfriCuMISI^T, 2nm--5. 5 
nm. $b(CM*L<^i, 2. 5 nm'-5 nmg^t-r 
-So 40 

[0 19 6] (8-1) X\tK^m^m,thX I rMn 
*fflV:^Tl/^^(7)(c:*fL> (8-2) TJiPtMn^ffll/^ 
TV:^^, P t Mn^ffl(/^^:i<htCi:0. ^^tCMRffi^^ 

5>n'&o Cinti, NiFe/Co (Fe) y^J-MOt 
X#^>h$^if;^f:i:C5{;:^ti-'r^yca6{::«. I rM 
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>ir^^ ^ AFc7)±.TC0e»i]^j5M* I rMn(Dt 
^J:Oh±^mz-r^Ct^^^^^n^o L^^L. 
€B(Z)i»;?^ltilP^-B:^ d ttt A R s <7)ffiTS:JB< :i i: 
{::fc;^ci:^(7)T. I r M n coii^ci: 0 fei«#«IliK/*TC 

Ac, zy>±5^^ yi^AFmm.(DAt^mi}\\^^^Z,h\t 
dtl^ T'CO^T^fcct ^5 (CAW TXrf^-r > hCDMR A-r 

h *it*P ^ -t±-5 ;i ^ <7)Ta& S 0 ±^ < r 

^d^h^SS* b<;^j:<. I TMn(Dt^t\t^XCoF 
e J^»:-Z: 0 - 1 n mg^Oif JaTISfh-T ^ C t b 
Vio (8-1) . (8-2) <7)A*Ux-i/3><tbT. 
^C0J:'5;5:1f ^iet>#;l ?>n^o Ta5/Rux/Cuy/CoFe2/Cu 
2/CoFe2. 5/RuO. 9/CoFe2/I rMn7/Ta5 ( 8 - 3 ) Ta5/Rux/ 
Cuy/CoFe2/Cu2/CoFe2. 5/RuO. 9/CoFe2/PtMnlO/Ta5 ( 8 

-4) :i<Dmmzio^^x\t. ^mnmtvx. cumm 
x\tu<. Ruxcut\^^ommmxmfS.Lr^o mmm 

lz^^m^\t:^(Dzir:>(Dm^lz^^o 
[0197] 1. CoFe a^SiJIW 

2. H^Mm^^ 

_hf5i. <DCoF emi^mm\zmLx\t. mizmm-r^ 

<koiz. CoF e(Dm^mm\z^^xmm^m'mi^<ko 

fcc-d (111) mmm^JK^fX. C090F e 

,0 (atmic%) yv-m^m^^rct^iz\tM,m\z^ 
^Kuo'p-r^^coF eyv—momm^. -^aisimz 

m't^umiiyx\tcu^r) hm^^m^±^^^%(Dii^ 

M^bV^o M^U. RuCOmz. Re. Au, Ag. A 
K Ft. Rh, I r $>^l^tP dUE^m^V^K m 

mMmt\^^oMMX\tT^^mit(Dm\zC o F e&f^^ 
9 0 - 1 075^?>^x.^:it{cJ:-pTfepItBTfe^o 

&^lz\t. C Ogope io~C OgeF e4C7)ffi^teffl^C o F 

e^^y^j-m^m^^^n^o ±152. coHi.fi 
MM^^Ru\z\t$>^f)^^x$>^o mzm^x^fc^o 

\Z. HintiT^^fc^t/h^V^<hC5'TfHeui:Hpi„{C<J; 
mz. S FS VTiaMRC0Xt°>7^;i/5^-^*, 

y^j—m(D±m(Di^^>hi&mt\^^o2^(D^xx^- 

'^m\tX^^fznm^^\f^o:fym^l^<. Cu-2nmg 

m(Dm»y.^-^^m^^:its^Tt^m'^^£^mti^(Dx\ 
m\zx^-^m^wm^±^UH,Mm^mmiztj:^. 

RnXCumBWz'T^^ltlz^'DX. Rul. 5nm 
/Cu 1 nm'-'2 nmTJffi. >"J— HMs*t3, 6n 
mT, C o F eMff 2 nmiVi^M^S^U— X^— 
-^Cu 2 nmL^^oh(DX\ H , n<i: LT 7 - 1 3 O e <h 
l^i^^SH.n^^ST^Ctd^T^^o (7-1) > (7 
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* [0 19 9] ^fz (8-1) ~ (8-4) comw.mo^j'i 

u. Pt, Au. Ag> Re, Rh. Pd/i<t~CD^HM 
^JI/MJPiL-TttO. 5 nm~3 nmgS75WSL^i. 



-2) ©|IM«aj(ci3t,iTttHi„:*^*2 0Oeg«Tab^fc 

[0 19 8] H^^mwt^^om.}^A^ii^rzt^izit. r 

a&-2>. ll^6<}(c*SotRu©Jtffitatt3 0 /iQcm?5: 
a t ©->-\'>hg(|||iL.T«H:ffiSxl 0 cm 
CDCuMJ?(cbTl/3®lKJ?<ht/i^^i:(Ci^c^„ ^JA 
Rul. 5 nm/C u 1 nm<i:li^^ifiK-r(i->-V> 
hroCuBiff^Wiife (1. 5 nm/3) + 1 nm= 
1. 5 nmtl^^tli'S ClttC/S-S. * 10 

mmm3) ^J^HASFSV (NiFe/Co(Fe):7iJ-)l) 

Ta5/Ru2/PtMnlO/CoFe2/RuO. 9/CoFe2. 5/Cu2/CoO. 5/NiFe2/Cu2/Ta5 (9-1) 
Ta5/Rul/NiFeCr2/lrMn7/CoFe2/RuO. 9/CoFe2. 5/Cu2/CoO. 5/NiFe2/Cu2/Ta5 (9 
-2) 

TJftA*-;/7r)ll 3 life, JS^SiKffiKi^S^J 

1 2 8 . K^mitm 1 2 7 /i^'M^n. t; »i 1 2 

6, 1 2 4*^')i 1 2 5^^bTJg:?Satt6<)fC«£-&LTt.i 20 
■So g 1 2 4 ifCX'^— tt-H 12 3, 7 U -Jg 122. 
*mtti«#«Bl 2 l;&t)(g^|ftjl$n. ft^tC^^-A-i/y 

■ 1 3 2Amif^nx^^^. 
[0 2 0 0] ( 9 - 1 ) (Dmmmit. R'mm^m^^m 
jsf » 1 2 8 Amm R u e. 0 . 127 <D^^mmm-^^ 

P t Mn. 7U— HI 2 2/&tl 2 9, 130®z:acDW 

mm^^'bmiii-sntcm^x'$>^. (9-2) ommm 

S?iSattM«g^3iiJ»)l 1 2 8 *n 3 3 ©Met LTR 
1 3 4(Dmtl.XN i F e C r ©-gM*^ 
1 2 7 ©S^SattlK*^ I r M n , 7 'J -11*^ 12 30 

1 3 o(D2mm:fi^?>M^-^nrzm'^(Dmmmx'$> 



u . 
9. 

So 

[0 2 0 1] 7}^ hA5''f T'WXtf^A'^l/T'l^tC^o^iT 

PBtLT. f c c Sfctth c pWTtfeM* 1 nm~5 
nmSlgfflV:i-5„ ^Jx.tJ*, Cu. Au, Ru. Pt, R 

h, Ag, N i . N i F e-^^n^w^^M, mmmtj. 

iz-^m^^^tl^, 3:nSO->-K (seed) HUS^SffiSI* 

M<tLT®tltg*;Ss:)Sfci!6tC«Efj:MT-S)So (9- 
1) ®P t MnCD^M^J(C43ViTtt*llcDR uHS:. 
(9-2) K) I r Mn®||Jg^«J{Ci3t.iTtt. R u/N i 

F e c r (Dmmm^m^^ft. :io)K^mm^i^mmm 

t. fcit/M^aft^teb. ^^HjTigi^st^tis 1. 

5nm~2. 5 nmSMOS^X^— t»-^ffllifc«^T 
[0 2 0 2] ^^ajtC^tS/N'-f T7,Jtt-i->h>t»J';/ hi 

i>-5.^T-tt. ±.mMmm&(nmw(nmmx\t. c®-> 



40 



50 



5i-8it)l;^i^'t8x.T b ^ 3 1 . mm^'b^-y u -)■ (Cfio'tt 

F e CDf^^o 0 tC. N i F e {C C r , N b . H f , W, T 

•5, (9-2) T«N i Fe®f^*3 0{CN i FeCr^ 

[0 2 0 3] SSS^ttMt bTtt, (9-l)T«Pt 
Mn, (9 - 2) T« I r MnS:fflt.iTI/i-g)o P t Mn 

$>2);it. *dJ;IKHu. a. ;J^';*c^Vi^:<h. 43J:UC:/a-tx 
l^ffiSft®MRt^^ft:/?)^'l^#ir/h$<. ttMR. ifiSAR 

tie P tMnWf^^jOtCPdP tMn^fflt,sTfeSl/i, 
»SLVii!i»*6HtLT«. 5nm~3 0nm, ^^.IC 
i!fSL<tt. 7 nm~ 1 2 nm7:)^^V^„ 
[0204] (9-2)(DIrMn^fflUS:j<U-yh<t 
bTtt, P t Mn J;Ofc^]^«^T!Wf1t75^-Tr-5ycae), K 
^m.it L ^ «y :/'\ K tcjg L T U -5 <h o 
.■^Sr^lfS^l t;5^'T^S. I r Mn®ffij9<i:LTtt3 n 
m~ 1 3 nm/O-JMSUl/i. I r M n fc»&M7C* I r 

u R h M n V^T t>«±: li. 

[0 2 0 5] ±IHCDJ:-5iC. S^tattMi: bTtt. Pt 
Mn. I rMn. P d P t Mnxi^'ftfeifiF^ bUT^t, 

<. N i O. CrMnPt. N i Mn> a-FczOa^ 

[0 2 0 6] ->>-b5^-< «y^'t^»a©-®®?ilffis^4*^lp^ 
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10 



20 
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NiFe. ^rz\tN\Fet. C o <itC o F e <D 

[0 2 0 7] 7s^-^\zr)l^X^Vy':^^^y"(Dh^t 

#A:^^s^t)^-r\ x^^tz^m^^^^otm^i.^^^o 

^mz\t.. 1. 5nm-2. 5 n mg*;0^'SS U < . $ 
e>{::aSb<ti, 1. 8nm'-2. 3 nm*W* L^V:^^ 
[0 2 0 8] ^'J-JichbTH. ClClTOllJffi^jT^iN 

fcfcb> N i Fec^TJ^MTi^h^yy^-TT^i:. t}? h 

#:MfC^iN i Fe/CoFe»Jl:7iJ-)icZ)«^{Ctl. 
N i Fec7)<£]K»{t{C^1^3N i Fe/CoFe«©:7U 

" H CO CO IEffi-\ CD v :7 h >;/ y ^ y C7) ^ J: 0 
fe/jN$l/iCOT\ h ^"^'f T'COii^J^O t)N i F e 

[0 2 0 9] ^J^tt\ N i Fe 3nm/CoFe 0, 5 

nTnmmy^)-m(Dm^\ZUhyy^^^X\tU \ Fe 
(DWiJ^tii^X. Ni8,Fe.9 (at%) Til^fcIE#JJC 
±^^M$.hf^^Xmm^'^mtzf)^. 4^hA^<yTtiN 
isiFcs (at%) Tvh$;^iE(^ail{|ii::^j:::?T|gffl 30 

[0 2 10] ifmm-X'^f^r-^yV(D2}^^x$>^^^ 

Ta5/Ru/PtMnlO/CoFe2/RuO. 9/CoFe2. 5/Cu2/CoO. 5/NiFe2/Cul. 5/Rul. 5/Ta5 ( 
9-3) 

Ta5/Ru/NiFeCr/IrMn7/CoFe2/Ru0. 9/CoFe2. 5/Cu2/CoO. 5/NiFe2/Cul. 5/Rul. 5/Ta 

5 (9-4) 

±fHM«^Jc4Bl.^T. C u^mcoitffiia 1 0 M Q c mfc 
*rbT> Ruti3 OMQcm^j:<DT\ ttMW?^ ^ > h 
?;!j«^LTti. CulnmJC^L. R u 3 nm7!?^'|WI^C0 
m^^^rz^-^Z.t\zf^^. ^^r)^ ±12 (9-3) > 

(9-4) OMJC*5UTti. i«#«)S^^M»ttCuii» 
-e2 nmtlWI^tVi'^^lttCfcC^o Cu^ScoS^tC 
0. 5 nm~3 nmSTCOftfflTffl^^btl-SCOT. Ru 
t>|pHt{CO. 5 nm-- 6 nmC0^HTffl(/i^n'5)o tztz 
RuTtmfitn:t>i«<Xtf>7.f ;l/:$^-SiS^iCu 
CD^'&cfcDfe^lt.^fc*. CoF efcS-r^iS^HBiU 
X\t. C\i(D\^oiim'^\.<. ^tz. Ru^$)*Oif< 
■r ^ ;i <h y <h l/^ 3 .-i^T^^ ^ L < (.^O 

T\ CoF e\zm\.^^XCuf^E^m^^. C uMiSti 
0. 5 nm'-2 nmSSfflVifc±T, 2 ]i(Df(fecD^JSM 



tiny U -B{::ifi-3ltT«SfefiSI1L^i£«^-a:^ :i <hTfe 

[0 2 11] $^,{;igijo^i*chLT. Cu»«Ji{c^^ 
MR<DXt:>>'^>iI/^-J4llfoffiliTl/i^;t*. ffi^:7 

[0 2 12] mmt<^Cuf^m(Dmm\thyy^SFSV(D 
(h#<h|pH$T^O, 7U-)iiit. S>>ir7^^ ^y i7AF<7) 

t> h^yy^-f ycOc^g'<h|^«T$>^o ^tzCn^^yy^ 
Jfco/WTXd^OhiaS. SMRgft^^Siti^^^cogiJ 

^^zLh\z$>^. m^\t. m\:^y')-mmxc\i^^y 

^■\'>yySfflV:^'5^(h{Cj:D*^l 0Oe*Tf£MT^ 
[0 2 13] Z.^X\ (9-1) . (9-2) (D/V)X. 

-ysytvx. y')-mcoFe\zm\^rzMmnmc 
uco^^botc. -m\;x±.(Dmmmt^^t^^M^^n.mxm 

^bfcfecfcVio m^L^S.. Cu/Ru. Cu/Re. Cu 

/Rh. Cn/F tf^Ei^mn^n^. :r.m\z^^%^ 

t\^X\-l. hy:f9^^(Dt^\zm^\.tz^o\ZCoF 

ey^)-m(Dmmum^\z^^xmm^^»^o:>x\ m 

^mMt^z.tt^i^mn\z^\^^x\tmsrzf)^. miiM 
m^^(Dfz^\zh. 2m\z'r^z.hf)^^^. 

[0 2 14] ^Wmf>^-i^m^^ti\^X\t. &.~F(DXor^^ 
[0 2 15] 



40 



50 



mmm^) Jl^hASFSV (CoFe:7U-li) 
Ta5/Ru2/PtMnl0/CoFe2/Ru0. 9/CoFe2. 5/Cu2/CoFe2/Cu2/T 
a5 (10-1) Ta5/Rul/NiFeCr2/IrMn7/CoFe2 

/RuO. 9/CoFe2. 5/Cu2/CoFe2/Cu2/Ta5 (10-2) 

mm\^. m2\zm^\.tzSVh.^^f\zm't^^(Dx. 

y^)-mi 2 2(DRt>^\Z^^mm(DCoF eMi^m^-^^ 

nx\^^^^^y(Dh(7)x$>^o ^naimt. mi^Ltzm 
mmsLmmx&^o yo-m&.i^o:>m(Dum. mmco 
^^y3\t^<mmm3 tmmx$>^o cofc^u-b 

^m\^^^:^'Jy h\t. hy':t^^'f(Dt^tmmx$> 

Z.(Dmi&mX\tMs* t^^N \ F et^WX 
3. 6 nmTC0(h^y^7j?^ Ms* t --4. 5 nmTTJt 

tJT^t, coF emmyo-mu^iftmm2. snm 



47 



(25) f^m 2000-137906 

48 

* [0217] d CIT. (10-1), (10-2) CD^N* 
T-«jjKLfct)J;U„ m^i^. Cu/Ru. Cu/Re. 
T:^#*S^t-5©T. as A s ^Mm-T^ Z. ^it^^ttS 



iFe/Co (Fe);t*<i:NiFe4/CoO. 5 (n 

m) tmmmAm<UKi, ismm.m^mn^z.ti,zj:^ 

MRCDXt:>7^';P^-?>l)*ttf#5.n-r. ^|ifi->^>h 
Hi:;^£'5;ii, *5J:Z/N i F e g^<D->-\'> h3J!l;^fcab 
ARsTCoFemg^'J-HtitfeL 

T. 0-3 0 %M'>-rs. 

CO 2 1 6] t>l±©;ii:75^?.. M s * t (©JA^i^HTM 

Co F eyu-m<DmmmT 3b ^:i^mmm<D&^-fyi. n lo 

Ta5/NiFe/PtMnlO/CoFe2/RuO. 9/CoFe2. 5/Cu2/CoFe2/Cul. 5/Rul. 5/Ta5 ( 1 0 
3) 

Ta5/NiFe/IrMn7/CoFe2/RuO. 9/CoFe2. 5/Cu2/CoFe2/Cul. 5/Rul. 5/Ta5 ( 1 0 

4) 

±m(Dj:otmmmim^mmmmi,zj^^Tc o f 

.i:{Cj;-5JKS*iJffll'bi&^. — )RWtC, y>J-mizmt>^ 

ef}mm^ri^Z.t\Zfj:r). -^-cDt^JCttCosoFco 

(at%) ^fflVi^i:, :ft#JCD;kcS-^i;5SS{CfctO-^-r 
I'io ^n^IEtJtC->7 h$-ar-Sfca6(c, CoU-^'^WC 

0 F e ^fflti-SCi^^'aSbtio C090F 
e,o~ C OgeF 64 (a t %) ©Co F e "7';— 
ffli/i^^lt/OtaSLli, L/i^bC o U ■y-J'tcLTh c p 

fflA^'^iffibTbs^i:, y>)-m(Dmmm^'^{t (hc 

/O^'Jf:;^) -r-SCD-C. C OssF e 2»J:5fj:C o ij -v^-r 

[0 2 18] ±iHO^«^K{C*5tiT. Cu^^cOJtffiin 

1 0 M Q c m(C^?f L-T> R utt3 0 M Q c m:^j:ODT\ 
^W/ii>-Y'> h^i:^tLTtt. CulnmtC^b. Ru 
3 nmAm^<nn^^hrzi=>-r^t\ZfS.^. OSO, Ji 
12(10-3). (1 0 - 4) ©^(Ci5t,iT«, fS#« 

C u^Jl«i^-&{C0. 5 nm~3 nm$T®|gHTfflV^ 
5>tl-50"C. Rufc|^;filtCO. 5 nm~ 6 nmCOlSHT 

fflV^en-S. /c;^cL. RuTt±JtJSfexfeie<Xt:>7-< 
)U:5'-J))mtiC u©«^cfcO fe3lVifcie>, C o F e tc}^ 40 

R u $r * * 0 < -r ^ d t •\' y <>: 5 e> t) 
Jf^K/iliCDT-. CoFetCSLS-STCu/iiffrffl 
CuMffttO. 5 nm~ 1 nmgftfflli/cJiT. 2 



(^2-^6 <D^m(nmm .• «MS^tttS^tB;^;«)iPi 

:$^^m(om 2 ~^ 6 (D^m(Dmmizm i^Tmrnr^, 

[0 2 19] ST, ^2~^6©ie)S6C9}^.^{C*jlfcCfife 
[0 2 2 0] lai 7tt, *%W©|g2~^6©||)!igOJ^ 

T, SSI o(cT->-;ph' 1 1. T^^^yrmi 2^wl 
#^i^ttTtte)i 14 1. 14 2. K^m'&.m 143. aft 

H«)I 14 4. 145. aftg ffiB 1 4 6 . fi^S 

Kl 4 7*tjgJ5S$nTVi'5. 

[0 2 2 1] ^6 \Z\t.i^mM(Dmm(r)mm'n S y a F 
a{b@«)liCffll/=.fc«-&c7). S y AFW^gattHi^-^ 
-r-5S?SldattSOW#4iliJ«*5j;aCi^J*i:. 2 0 0'CtC*5 

»fexSf[:*AR/R^S-ro SAc^7(C«. afts^Ji 

^^•r. *fc*8fC«SyAFii^^L;tS?iattH«) 
«^ffl*^ COB W« tf- © P > i';?; - v'^tifflilri A 
eL2 0 0t:{C*3tt-5.SyAF(7)K?iatt)i#Matt» 
t «32ili®^^^ J tJ J: 0.:/P 4^ > if T b © W 

[0 2 2 2] 
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Sfi/Ta (Snni) /N i Fe/CoFe/Cu (3nm) /CoFe (2. 5nm) 
/Ru (0. 9nra) /CoFe (2. 5nm) /RMtti/Ta (5nm) 









2 0 0tfc*JU 










J (<rK/»* ) 


Hi/(Oe) 




AR/R(I) 




5 


0. 04 


400 


2 50 


7. 3 




7 


0. 045 


450 


2 70 


7. 3 




1 a 


0. 045 


450 


290 


7 




20 


0. 04 


400 


300 


6. 5 




30 


0. 035 


350 


300 


5. 5 


Rh20Mn» 


7 


0. 025 


250 


235 


7. 1 




1 0 


0. 036 


350 


260 


6. S 


RhURu? Mn7» 


r 


0. 02 


200 


225 


7. 2 




10 


0, 03 


300 


246 


6. 8 


Pt53UQ47 


1 0 


0. 02 


250 


290 


7. 9 




1 5 


0. 025 


400 


320 


7. 4 




20 


0. 1 


>$00 


350 


7 




30 


0. 12 


>600 


370 


6. 2 


N1SOMQ30 


i 5 


0. 02 


2 5 0 


3 0 0 


6. 8 


CrMnPt 


1 5 


0. 02 


200 


240 


6. 9 



1 rMn. RhMn. RbRuMn. CiUn? i^M^iftX^>m':/!g^: 

2 7 or, ioim«>ls«»^ttt&ft<o«ft 



[0 2 2 3] * * [a2] 

g7 

SIfi/Ta (5nm) /N 1 F e/CoF e/Cw <3nnj) /CoFe (2. Snm) 
/Shafts/ T a (5nm) 





2 0 0t:K:4sit* 


2 0 0t:ic^t?i 










J (ers/cB* ) 






AR/RCi;) 


t rnunn 


5 


0. 04 


170 


250 


6. 6 




10 


0. 045 


190 


290 


6. 2 


P tSIMnig 


10 


0. 03 


130 


300 


7. 2 




20 


0. 1 


430 


350 


6. 7 




30 


0. 12 


510 


370 


6. 4 



[0 2 2 4] [^3] 
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S8 



52 







2 0 0t:fc:;&tt?, 










J (crs/^ci* ) 


aftTb(t) 


I rtmnU 


5 


12 


0. 01 


2 1 0 




5 


8 


0. 025 


23 0 




5 


5 


0. 045 


250 




5 


3 


0. 0 5 


2 5 0 


RhZOMnSO 


7 


13. 5 




190 




7 


8 


0. 02 


225 




7 


4 


0. 025 


235 



mi'&.mo)m.m.^m^uum2 o ox:\zi5»^^m^-^ 

^IgcJchLTO. 0 2 e r g/cm^ JJ^±Srf#Sei<i:*^' 
T-#S;ii:. 2) S^mttHOft^ffih°-i'«D-yc^^> 

T> 0 0"Cic*3tt-532i^ig-a-^» J *i^ad^;i<t 20 

3) H^att)i©aMMff*2 0 nmt4 

•tbT4) aS2 0 0'C(Ct5(-j-^32*^^^^&J 
^0. 0 2 e r g/cm^ £iJi(C-r-5vlt{Cj;0, 

2 0 Ot;SCfeViT3SJ^A-'f TXJM^HuA* ^2 0 OOe 

\f.yn)Vy'mi-\z.i]'ai:>^m.:km.nt^2 0 ooeT^oT 
[0 2 2 5] 0 1 ^\mmmmzn-r^7.\^yn)\'-fm 

HuA* ibT2 0 ooejji±*w-rsmfta*Bn. a 

[0 2 2 6] 1I18T«. a#-fe>i^-<i:LT«i!)f^.^T 
J&^n. 2 0 0Oe*TCD^1.S|5fi^^tC*tbT«. ^lOffiS 

itn^m<^m^tm'»)iKmz\t.mn.(Dm\:fimsb^n-r. 

[0 2 2 7] t!e5l5©N i OS^SlKltli^. FeMnC r 50 



^i: J *^'f#bnfiS/i, Sfc, 3 0 nmJ»«C r Mn P t 

[0 2 2 8] t»e3t€CDm»©?^{t@«li(Ci5UTtt< ^7 
\Zm^nX\'^^^o\Z. P t Mn^ffll/iyc«-&lCtt2 0 
nmffJil.±-Ci@t,iHuA*^#e.n-2)/&^, ^CO«^c7)ffi6i|g 
{t^tte. 4~6. 7 ^^Jt^WfiV^tt^S^-To 

[0 2 2 9] cntc^fL. ^&\z^-ti^mmmm<Dm 

<itcj;nti*. IrMn. RhMn. RhRuMn. Pt 
Mn, NiMn, C r Mn P t 2 0 nm£(.T 

©jE^ff^tt)i&fflv^^::<i:t::J;0. 2 o ortcTHuA* 
7:)^2 0 OOeJiil._hcoftnyc:Wf^tt<£JSSL-. LA^fcfitr[ 

[0 2 3 0] H 1 9 HHuA* 2 0 0 O e <?5*:fgB^O|| 

MJ^^®xtf>/\';i^:^Si. t5<fca^^«£*®HuA7&^'5 0 oo 
e(D^.mmi\::mmm(D7.\^y)vvzfm\z':>\,^x. 200 

rtCT 2 0 0 O e (7)1iilA-r T7.a^*-^^/i«^®S 

•r. 01 9{c^$tiTt^^J;^>fc. ^^*«*JB^^{t@« 

WN'Jl^yMtt. 2 0 0t:(C*3(t-5HuA* 75^'2 0 OOe 
#)U^ft:H*)l®HuA. 5 1 OOefCtt^T^h^Vi 

\z%i)^ii^t)>^-f. 2 0 ortcistt-SH^i^ftoSBt^ft; 

[0 2 3 1] ^7t> I rMn. RhMn> R h R u M n 
^(Ci5*.e,n -Settle, 1 0 nm^XT(DKmm'&Lmmx 

[0 2 3 2] Sfc. ^6«*%BJ«*M®f^®.(Cfel/iT 
«. Tb;&^*2 4 0~3 0 0'C©«efflCOS?Si^tt)lT-S» 

f^t.m'i^i^mB^m5^\zmi-^^k^z.t\z^r)^ a 
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[0 2 3 3] mm.f^^mt^m.iimA^jzz:^^miimB 

Ru, Rh. Cr. I rfi^^m'^^^^t-dW^l-^^. 

10 2 3 4] ^>biz. mitmmm(Dm{t:fj\^m.'&mmm lo 

T(i. ?featt)iAi:?SliH'l4llB$l^:^[6]tr6SfO$-t±-5i5 
®*^'$.^(7)T\ ?SfiS't4«A^^fi«H'l4BB©]K;*75^'2 nm 
gK^T^<;^£^i. fiSrv^^WIS:*^* 0 . Snmt^T® 
«^ttJ^M«S^)l«S?iffiSttWi^^fflS»*^*«1 7 k O e * 

mm£i^^m^m^i-£7 k o e TfiS{tH«)i©®Eft:^iPi 

[0 2 3 5] ^6(7)*%0J(Z)^M«J^^iC*Dl.iTjSfflL 20 
CO 2 3 6] *MBJJ(Cj3t,iT«. ?Satt/lAi:^Ktt« 

[0 2 3 7] ^mmmA<DmmMmAmm.i&mB 

)■ B (D&mmmf)m\m l i/^«^(cjt^T. e s d j; 

?*iB8ttBAom^lP{c>[sf-rs?iiffiS<4HBO 

m^m<DttA^o. 7~o. Qo^fflt-r^di/O^ff^ 

Lti. #iJ^«^{^tt)iA(C2. 5 nmCDC o F e-&^. 40 
5^JiS't4JiB{C2 nm«C o F e -^^t-T-S C ^tSW* L- 

mm^mAt^m^mB<Dm^mmmmmv<,^m 

^iiS^m^Vfms 6 5 0 8 8 7^) Z.HZ^-:>T. ES 

T(fimmx^^. 2 0 O-CfC^tt-l) J <7)fit75^0. 0 2er 

I rMn. RhMn. R h R uMnf<j:t**^^fi^ r -M 
nffi. (feSViliAuCuIlJgW^MiHtffiSifflif -as 50 
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MVi) ab-5VittPtMn. PtPdMn. NiMn 

fj:i:*^bfc£^ffi<iNIE:^a««M'Htffi (CuAuI^) * 

ML^t^i) i5^ti«C r Mn^C r A 1 fiifWC r 

[0 2 3 8] $e)SCC:tl?)W-&^T2 0 O-CtCiitt^ J 
©fiS/O^'O. 0 2 e r g/cm" ti,±SSi/ifitn:^{t:^75^' 

[0 2 3 9] S8 t^$nfcga(ois&at3-m^p<-i57 

-5 ftSE75^ 6 cDiatFf «g tf- 5^ « D 4^ > - 
tti|SA6'<tTb*3<tt):j©M#;'5^6. ^t^^fflilS A 6> 8 ° 
JJCTT J W{it*tO. 0 2 e T gXcm' &,±tm^n. 

:^mM<Dmm.m.mj}W:^ v f ;5^'*:kt-^ ^ z. t jo^-t)*^ 

-So P X.Unr^E<Dm'bJE:f3^\zmW\it\-'tzKm^'& 
m. C r Mn/JifCDb c c?S®RMI4/iT-t>|Wlfll(C« 
«®*^ffi|fiJ-r^i:jSViS?ilSittMJ?Ti«Tb*^0 2 0 0 
rTcDi^i/i J fccffi 
(111) tf— ^7^, h c pia©«^tt (0 0 

2) tf-i7*, b c c+ico«-&tt ( 1 1 0) tf-i7$^ 

$tf P t Mnfj;<i:®i^-a-tC«. ^l^T^ fee 1S;:>^' ( 1 
1 1) ffiEl6]bTi/i-&^ t> $)^t/ittmiJ{bUfc®'L>iE 
:^^C7) (111) ffi75^'iSlS]L'Tt.i-5C t^Sftf ^, 
*3 f c cffi^h c ptB©«-&. «B^^RISr^^T=b«t 

[0 2 4 0] ;^t*3, 0 2 0 tC^-rj;^{C< ^SjffiT^^&CD 

[0 2 4 1] ^<r)ii')U^ms.m.^'mm^mMt^\z 

<lS^a;0^'T^^fiB(cj;^fiKM. 5 0 Oppm t-i.Tlcm^ 

^mm^mm\^rzx/-%y^'$'-yy h^m^^tzi^m. & 

^±^^y-:/mtx\:^>/-^ji-:rm:L(DmizTmm^ 

Au. Cu. Ag, Ru. Rh, I r, Pt. P d 

fi^:<Dm^mmi^h^^^U'^±Tmm'p. n i Fe, n 

iCu. NiFeCr, N i F e T a75:<i:®N i J^^^ 

[0 2 4 2] iji±, mf^mtn±mti(D\^±i izm-r 

[0 2 4 3] *^M©^2~^6CD^]!ig©J^SilC 
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[0 2 44] mm(Dmm 2 ) s i ? ic^^Mj^^tc*^ 

T)l9-'y^ (A 1 2 O3 • T i C) 1 0 (cTv—;!/ 

^0. 5~3 MmSr'ff-r^N i F e. Co^T=E)ly7 

F e A 1 S i -^^fit'TaboT. N i F e 
^FeAl S i ^^TiiW«tcJ;0KE[Hli£b^l^£-r'5) 
Ci/O^'if^Ll^io SfeT^^-V-y^Ml 2l,zim^5'^l 

0 0 nm®7;l/5:^^S{t7Jl'$7'j:<i:*^fflli^n-&o 10 
[0 2 4 5] 7. tf > A*;i/:/*Tttx If > A- i 4 t 

— *f®iKS/\'-r7xjii stJctjx— *fcD«si 6*^bii^s 

^n-S^ X t°x;tJI/7*Mtt. Ta. Nb, Zr, Hf;^j: 
E<Dm^ 1-10 nm®#^ffiSttTJftB 14 1, iJilitC^c; 
UTI?* 0 . 5 ~ 5 n m(DW, 2 ©Ttfig 14 2, S^SfiS 
ttg 1 4 3, a-ftB^m 4 4, Jli^j-O. 5~4nmC9 
tfT^H 14 5, ^{tgffiW 1 4 6 , i^SfCJTxUT/?^ 
0. 5~1 0 nmcD^WKl 4 7*>e)«fi£$tl^. 
[0 2 4 6] ^CD±{C^^ •yT'li 1 7, ±->-JI/H 1 8 

E^SP;0^*m^tl^<, ^•\' -y 1 7 ttii* 5 ~ 1 0 0 
n m®T;P5 :^^S<t:T i^i Htm 6. n, ±'>—)l 
F18(C«ff^0. 5~3 Mm?rW"r-5N i F e, Co 
l^7^;U7 rXatt-&^, F e A 1 S i -^^fiifd^fflV^ 

[0 2 4 7] S^aitH 1 4 3 t LT I r Mn, RhM • 

n, R hR uMnTSi'COr -Mn J^<Z)Mn ij •y'^-^^ 

PtMn, N i Mn/ci;(!:OB'L>IE:^^cD^iiJ3^-&^ 
*^*fflVie)n-5:^-&tC«, TltJil4 2tt, Cu, Ag, 
Ft, Au, Rh, I r, N i t£il^ftit^n<b>^^l^^ 30 
^i-i-r-SAu C u, CuC rfj:<JfCD-&^, 9 - 2 

2 9 7 3 6^(CbH<£WN i . N i N i F e, N 

1 F e?S^^;^j:<i:. Ru. T i ;^s<i:, ^tzlt^ti'^^^ 

[0 2 4 8] ^rzK^m^mi 4 3ti.xcTmRM 

tt^^Jl&ffl^i^«^i'tt. Tlfe)114 2(i, ±j7|iL;t 
T%Slrfe<l;Vi7>^ b c c H75ie,;^£-£) C r . V, FeT^c 

[0 2 4 9] 1 4 4 «68»ig^)i 1 4 4 2^ 40 

^rLTS?sattwtci^^-r^2B®^att)iB© 1 4 4 

It^SattHA®! 4 4 3*ie;iC*3HMT'«fi!t^nT 

^. ^*/cc<h'cD#^s^jf AT^ tx^tmijimittm 

ff$HO. 2~2 nm;!)W*L.V^o ^Jx.{i, ^^JS^-ttHA 

ttBA (Sfctt^iBSttffB) /ig^tH/^SfiSttBB 
fe«?iJKtt®A) 30t»^UV>, 50 
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[0 2 5 0] mm.m-^mi 4 4 2«Ru, Rh, I r , 

^Ll^o M^ie^B®l^J?<tL.T«, (Phy. Rev. Le 

tt. 67.(1991) 3598) fC^^*aTl.>-5 

[0 2 5 1] 112 HZitC o (D^m^mii j^ZSC oF e 

-^^(D^m^mcom^i^^miz. ru ^m^^tzm-^ff^m 

fiSftJtMr/M s trioT^LfcfeWT^^o dClfCM 
r/Ms = lttS^!l'l4iSg-&d^'^±(Cffi^, Mr /Ms 

[0 2 5 2] 0 2 nz^-^titz^^iz, m^m-kmizR 
u $fflv^fc«^tctt, m^mmm 1 4 4 (Dmi\::f;\^^^ 

tc;^C-5 2 5 0~3 0 0'CT©^Ma&)!SLTfcPj*-r-5) 
?SiK14SB, ?iH83SttBAi<gSMi^-&Hi:©ffiSl£fiS:(cJ; 

-5^M^^^tg^c£i:«4$14#?^t:*^tL:;;^CtiO. 8nm^ 
m^Xl. 2 nmRT^W^LV^o RuWtJ^'O. 8 nm 

ffll.i;t:^^tctt, Ru$:ffll/^fc«^t|WH$;^j:a*T. 
0. 8nm^a;iTl. 5 nmtJ>T/SWS b^^. ^LT 
?^iH4»B*J<kt;t?SattJSA{CttC o ^fc«C o?S-&^ 

[0 2 5 3] ?^^tt)iB4oJ;OiM'l4)lAtCCo,-x F 
(0<x^0. 5) SfflVitltt*, I rMn, Rh 
Mn, RhRuMn;5:,i:©r-Mnl^(Z)Mn U >y5^^^ 
;5^^?^c^M?^il'l4» 1 4 3 <i:©;^^/=c3ij^^^^^*^'# 
etl. L75^t>R u<h?S^tt)lB*3j;y:^SffiSttliAtOt£ 
M^IWCCliZl/^'T^^OTWJCffS Co F e^^ 
{C'R;;^.TCo<&fflti^«^{ctt, J *«*5J:^ 2 / 3 t/^j: 
f9, Sfc0 2 1 (C^-r<i;5(r 2 7 or. iBtW^JtSfg 

w ^MST t> ^^fj: i§SSliig^*8tg ^ «it T # ^ 

JlOW[PI6H*^*C o F e ^^CD«'a-(CJt-<TiK< ;^c£-i). 

[0 2 5 4] u^, mm.i&-^m(D«mw-mit'b. 

T. 1 Onm^ g^WiKfflrtwa/hM^lCT, ffiSmi^-^ 

[0 2 5 5] «9lC?Sait«A<!:?SSS1t«B®Jl;»IC*f 
•rSX tf >/\-;l.yi«MiatriR s , ffijatrt^^t A R s *5J: 
C/Jgfet^^b^AR/RCD^ftSr^-r. *fcS2 2{C«X 

tf yn}iym(Dmmzn-r^fm.m.<D^it^yF.-t, 

[0 2 5 6] 
[«4] 
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Ta/Au/CuMn/^KttHA (CoFe)/Ru (0. Qnm) 
y^m^MB (CoFe) /Cu <2. 5nm) /aftS^H 
(C o F e 4nni) /Ta 
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^ M & ^ ^ 




(am) 


Jfd (nm) 


AR/R (X) 


R8 (0) 


ARs (Q) 


7 


7 


7, 2 


7. 5 


0. 54 


5 


5 


8. 0 


9. 8 


0. 78 


3 


3 


8. 6 


1 2 


1.0 3 


2 


2 


8. 4 


1 4. 1 


1.18 


1 


1 


8. 0 


15. 3 


I, 22 


0. 6 


0. 5 


5. 9 


15. 6 


0. 92 



«9 75^f., ^i«SttBBt^fiS'l4BAC9M»f*l~5 nm 

*^±^7iffitii^{t:^*#^fea6{cSfSL.<, mzi nm 
~3 nmCDMJ57i^'EI2 2 tC^^tlTt^l-aia^tcMLT^ 
^ti. ( + 6 0 0 O e (D^3m^t:m^XhiS.m.<7){&-ft^ 

[0 2 5 7] 0 2 3l±?^i6S1tBA®JKJ?*3 nm-^t 

[0 2 5 8] 02 3{C^6.tl-&J;-5lC> ?iJ^14JlA 
<S14BB»fiS»i[ff<t$:^L<-r St, +6 0 OOeOT 30 

SI 0 



(zm^fz^oiz I' yizm.^&/vrmmmityjm^m 
mr^Mmz^^m.m.x\ m<t:fj\^^mm<^:fjm\zm-r 

[0 2 5 9] -:t3. m^mAii^m^mB(Dmmmm 

^mmm(ommmi^izfji^o ^2\z. ^m^mB<D 

mmtmn.m<tmt(Dmm^^-rmi oiz^-oxmsA^ 

*^f#&n-s, $^3\zESD\zj::^m<tmmm<Dm4tKm 

x^&m±tiif]-^m'brL^. c;ifC7'U— i7y.j7>« 
:/*i^lg*a*^lt::^ bS&a6 ms.X $> S , 

[0 2 6 0] 
(«5] 



Ta (Snm) /AuCu (2nm) /CoFe (Snm) /Cu Onm) 
/MBttSA (CoPe) /Ru (0. Bnm) /ttSttHB (CoFe) 
/IrMn flOnm)/'Tfl (6nin) 



Sfi&PA (nm) 


^tttllSB J^^ (nm) 


«ift«ft;*AR/R 


3 


3 


7, 3 


3 


2. 5 


7. 8 


3 


2 


7. 7 



^'n. Co. CoFefcJct/N i Fe^ffll^T. ^Natt 

A(Dm^m<Dit^ 0 . 7-0. 9izm^vx^m^m 

B(r)m^^2. 5 nm(C^^L-fcJ«-&tC. 0 2 4. 0 2 
<t:*^1?^-5. ::c:{C0 2 4*3J;D^0 2 5«7.lf >A';i':/ 



^m^mB(Dmm.mmt<mL\^^m^. 0 2 5tt^mtt« 

A® fiSMJ»J»75^'?SjK14« B (Dmmmmj:- O 

*-r. 1 1 ttx fcf >/\*;i/:/^^ fcM-r^T^-x h/1 

[0 2 6 1] 
[S6] 



50 
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nil 

Ta (5am) /«^bifiS/Cu (3nm) /^MliA/Ru (0. 9nm) 
/MftlB/I rMn (1 Onm) /Ta (5nm) 
*^fllfiK : >:^>ifmh<0'^v-^ h\ T+ Y vrJ'iC^lft UfcC o P I /F e C o 
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D. 75 


CoFe(2iiiii) 


CoPe(K Sno) 


CoFe(Siii]r)/lliPe(l.Sni) 


m^r 


7 0 V 


0. 8 


CoFe(2. Juffi) 


CoFe(ni) 


CoFc(JiiB)/HlF*0.5ia) 




76V 


0. 83 


CoPeOno) 


CoPed Snn) 


CoPe(iDtk)/H(Fe(1.8ni) 




70V 


0. 85 


Co(2si) 


Cod. TBI) 


Co(0. 5DBl)/HiF6(4l]fi) 


m^t 


7 0V 


0. 7 1 


CoPe(2.4Da) 


€oFe(1.7ll]l) 


CoFfr(lBa)/HiFe(3iiB) 


65V 


7 5V 


0, 88 


CoFe(2.4i») 


CDFe(3. tnn) 


CoFeaBB)/H[Fe(3DB) 


(J5V 


7 5V 


1 


CoFcOnu) 




CoFtUDiO/HLFea.SDB) 


50 V 


7 5V 


0. 667 


CoFeCSni) 


CoFKSub) 


C9Fe(toB)/KtFe().5D])) 


55 V 


7 5V 


0. 93 


Ci>Fe(Siiii) 




CoFe(lDi)/1iFe(3i») 


5fiV 


70V 



=b^<JOt)^*^\ 't<DmMm^O]t. H(current) 0/20 
H (current) a t^. a^ffCDj^it. (M s • t ) a / 

(Ms • t) Bi:««-gc-r-5fcj?)fc, ^mmmAiim. 

{ (Ms • t) -H (current)} a - { (M s • t ) H 
(curreent) } b 

[0 2 6 2] 023 izm-r^ o \Z. ^fiSttS A*^' 3 n 
m, ?Sfi8ttBB*i2 nmT^oT, fi^oT (M s • t ) 30 
«/ (Ms • t) A =0. 6 7 t/j;^«^tc«, ^W&. 
BA. ^^ttHBtfeS nmcOlSlEI (a) ©«^(Clt^ 

SEf3tt?^a'ttHAcD::^;5ti^^iS;0t:'s:€-i.i<h. 
)loWI:a«««xif>/\';p:/i^i:|si«tc. ^i^ttJiA 40 
ti mmm B t ©asMMiiii ic*a ^ -r -5 



[0 2 6 3] «'[4<fr^)i(C«Cu> Au, Ag*#:^ 
t\ ■^<73Me«ffitfi^{t*S:»e,n^^fflTfe^ 1 ~ 1 
©X t°>AVL'yMTtt. 1. 5nm~2. 5 nmOMi? 

[0 2 6 4] aftSfiJifCtt, Co^CoFe. CoN 
i. C o F e N i ;^ct"©C o-&^. NiFe-^^^fctt 

^xi^(Dmmmiii. m?^\%^wmm\z(i . 3~i. sn 

m(D^liCoSr^b;tN i F e-&^*iffltie.n^o ^b 
TM{tS*Srol^fftt, 1~1 0 nm;^)t»SbV^o 

[0 2 6 5] ^1 2«K{l:@«)i (iKfta^B) 
*2. 5nm-^<hb> S)i«l?^<!:^ta^{l:^ 
AR/Ri:®M#S-^bfc«Ta5-5, SlOtC^bfcJ; 

[0 2 6 6] 
[«7] 
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19$ (on) 


(DB) 


(X) 


SSlSfCV a K X K • * 

Co$tt^f^fc•N i Fe (ag) 


1 


2. 5 


6. 2 


5. 7 


2 


2. 5 


7. 5 


7. 0 


3 


2. 5 


7. 9 


7- 2 


4 


2. 5 


7. 8 


7. 2 


5 


2. 5 


7. 5 


7. 1 


6 


2. 5 


6. 9 


6. 4 


7 


2. 5 


6. 6 


6. 0 



it^^mcDm^t (F) i?siSii4BA(Dj9^t (p) ch 

-0. 3 3^ { t (F) - t (P) } / t (F) ^0. ^ 
»1 3 



* 6 7 

[0 2 6 7] 
[S8] 











t (F) 




t (p) 


AR/R 


(t(F) -t (P))/t(F) 


(nm) 


(nm) 






4. 


5 


1 


4. 


7 


0.7 8 


4. 


5 


1. 5 


6. 


9 


0.6 7 


4. 


5 


2 


7. 


1 


0.5 6 


4. 


5 


3 


7. 


9 


0. 3 3 


4. 


5 


4 


7. 


7 


0. 1 1 


4. 


5 


S 


7. 


3 


-0. 1 1 


4. 


5 


6 


6. 


8 


-0.3 3 


4. 


5 


7 


5. 


9 


-0. 66 



wankm A iianeiB b » c o p e 

^aMll«Ta. Nb, Zr. Cr. Hf. Ti. M 

^±TUmm:0)X.'y^>^\Zj^^ I^S*^'^^ S © T 40 
ifSLl/io ^fz. Ag. Au. Ru. I r, Cu. P 

WJi^S. ^Jx«CoFe8S{l:effi)lO«-&tCtt. Cu 
/Ru. Cu. Au. Cu-&^/j:i\ NiFefiS^tg* 
«©«^(CttAg. Ru, Ru/Ag. Ru/Cu, C 

[0 2 6 8] mitmmmtm{tB^m(Dmit^m^^it 



ttBl 4 3;!5n rMn. RhMn, RhRuMn/ji:© 
r-MnlRCDMn U >7^^^C0J»^«. 7. bf >A;l/:/CD 

C(DR^m^mi 4 3©55J^II§^/i-f TXfiS5?•:^[p]$— 
:ar|Bl^c:}i^lx^yi^^)CDj^^^lStt. ?^®tt)lB©^]^it^-C 
t>J:t^;<)t. Rufj:i:©fiS^^^)i;5^'J;f3®E{l:{c5SVife 

TiWSLV^. 0iJ;l«Tb7it3 0 O'CCD I rMnTttSS 
[0 2 6 9] :kl,ZU-^^-r^^tf^<. 'PUKt'bm 
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5. K^m^mi 4 3*^*P tMn^N i MnCDmWUt-^ 
SL<ti 270-350 X:X'^mm. »^ L < 1 ~ 2 

•p. 

[0 2 7 0] tiid. t,i-rn®s?tffiSttllfe. xtf>A-;p 

fcT^^o 1 4 4 2 W^^SS 

?S^ttJlA^^. CoFe2nm/RuO. 9nm/Co 
Fe2nmcDi^^, R u W^-^^^tt^^] 6 k O e T'S.^ 
Clt/O^e.. I^MSff iCjn;l-SffiS#«7 kOeJi^Ji/OWS 

tt. X t°>A'Jl.-/K<&*^J]^tt{CJ!jDI-r.i.Hu(Cii5fll|;& 

[0 2 7 1 } jiJ.±(D:^ffi(c J: D . mitmmm i 4 4 ok 
^k^^m-^izit. aftgsm 4 6^T->-ji/F 1 icDiK 

0 0~3 0 0OegS$J!)P;lT, l^^mit^^M 
bti. T->-;i/FttXfcf>A*;i'yfKi^Hu{cfe?,*^ 

[0 2 7 2] 01 7iZmVrz7ny hi^i^z^a >:$'-f >^ 

LT^^izm/U7xm>§:mfS.i^rzm7-mi&Tit. 

<7XJl(C^KilttM^J^«C r-^F r C o^CifcDTtfe 40 
©±tC}^figbfcC o P t o P t C r ab^l^H 
1 5 1 tKmm^m 1 5 2 *lli;^«)ibT9SjS 
ttH^A- F{ttAct>W;i^ffl^i?,n^o ^izR^m^m 

1 5 2 ^fiXUbX. 'Alzm^i$-m 1 5 1 ^fiKMbXfe 
ctVi. ^f*O^F7-yi7(c*fJSLT, F^^yi'ifi^T© 

It. (Ms • t) ,.b/ (Ms • t) p ^2&.TiZ^^r 
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itmnMmT-S'-GnmTm&^X'MKU^t. (Ms 
• t) lb/ (Ms • t) p *2£iTtC-r-i.feJe){C. «i£A- 

^7x^m.itm'b$mizm<ti.r). m^i^mmmm-ci 

[0 2 7 3] tZ 5?5^*-»iC51KJgtttMT-tt 1 0 n mJP 

1 T ® C o P t SKKttMTtt. 2 0 n m/?Tii. 2 0 
0 0Oe(DMUmtlX&-:>fz'hCOt^. lOnmTiiSO 

0 O e (cfgTT-g). ?fifiSttK/S?Sait]K:S"f y 

<Dm/U77.mx\t^mw^i 5 i*«js<;i-5ai'3£ife 

A*-r77.iES|^*^ti::*;LT@»75^*^Hi:;^cC-5o 0iJx«, M 
STjn TON i F e i: 7 nm)¥© I rUn^mmVfzm 
/\*-r7X®Trtt, 2 0 nm/i£T-8 0 O e-C=$>t5it^i^;'j 
/O^l 0 nmJ¥-Cttl 6 0Oe{C*Tit::^-r-So CIO 16 

OOetJ. «e*OMR^-y FT-^iW^W-r^ffiT^^o 
fifoTK^tgSllOP^^^iSViM*. nmm 

[0 2 7 4] $ 5, iC. ^&^m 1 5 1 1 5 

2CDiEA*-f 7XMT(J. ^ffiSttMl 5 1 OtSfOJSfttta 

t-f)^, rj:^-«/h^ ;^*aE AW T 7. ssif T/N*;!/ /n -tf > 

1 5 1 tbXttN i F e-&#Trfej;t^/&^', J;Ota?aKft: 
0;^€^ViN i F e C o-^^. CoFe-^^. CoUHfl^ 
J:0$f^L^i, ?SBgitt)^l 5 liLTfigfniSSfkO/h^t/i 

M$ffli/iT< ^(Dmm^±^<-r^z.iiiz^r)^ mmm 

F y y ^'miztji^ tn^tiiti(Dl&T^^\^^:i-ro 
[0 2 7 5] fcC*3, HI 7T«Xtf>/t;i':/M±gP^^ 

*L;^it,iT\ ffl!A*'1'7X)l^ff^i5KLfc«-&^^Lfc:^»^\ 
Tt&H 1 4 1 STX-y5">i:^|^ibTfcci:l/io b;0^b^ 

Ml 4 2^?5bT^cD^^ttefe»*/)**fjffl-rs^:<h 

mi 4 3 &e^X-y^>i/bT, ^OScJ^/N'T-rXSII 
8&TAif fj:A- FMiRFltOfiE/N'-l' TX«Sr#S d <h*tjf 

ibl^o *Ktt*ffl)10]i'4>*-rx-y5^>^**ITbT 

^©±(c^tHitsKi 5 i/s?SMttiei 5 2A^<brji^m 

A*^7Xli<£r#-^bTfcJ;(.i. i^att&»Ofc«6 

fc, s>^\,^\mimmm^RmmiSLm 1 4 3 tisE/t-r 7 

X)l<!:0{S^^-&<^i|J6^;tse)tc. ?Sai4l^l 5 1 OT 

iz. Tmm 1 4 3 tmm\zz:< ^v^Ttsii 1 5 3 ^m-f 

«^«/MS{c±J?)S;tJe>lc. TttlBl 5 3 0»*-«l 0 
nmJilT*^^ bU. 

[0 2 7 6] ieK«MttJli*fflVi^«^(cfe. IsIfiKcia^l: 



(34) 

65 

[0 2 7 7] K?saitMi 5 2\z\t. xtf>A-;u:rMic 

VA^L. 7.e>A-;l.7'©jR?SKtt)l©3£MA''f 

«/N-f h:^[6]. ^L.T««A*'r7X»C)S?fiai4Kl 5 2 

^tlJ: OffiL^T b $:#-r^K?Sa'ffi^!c*f UTJ; OiSia 

©fiMS^froT. iSTbS^att)i®3£j^/\*-YTX;^ 

[0 2 7 8] mi$-mzit. KM^m i s 2 t^w. p t 

Mn^P d P t Mn/ii:CDfi5!LS(C^0, HuA^fS^-r 20 

MST^-5Tb*^2 0 0~3 0 Ot;©, RhMn, Ir 

Mn. RhRuMn, F eUnUiz^, X\£>/Viym 

<DR^m^mizu^n^K)ThAm\^^s:^miti^. ip 

IrMn. PtMn. P t P dMn;S;<i:S:ffl^i-5 

IKl 5 20:)^WU7XyJKs\^h^y^m-^\^izm.■&X' 
xif>mitAmm\z^^^fr^^m^mmr^znzj: 30 

mzm^^'&^^itA^x^^o ^tzR^m^ i 5 2\z 

ISi#tffi£I^T3g^A'-1'TXfiS#S:#-%-T#€. I rMn, 
FeMn, RhMn, RhRuMn, CrMnPt, C 
rUnfS-i£^m^^^t, mmmt^^WUfzitiiZ. Xlf> 
A*;i/:/M(75JE5^attJl 1 4 3 C7)/NW 77.iS#:^[6l?&^*H.$ 

n-5 ;i <h«;^c< . X tf >A-;i.:/M®s?ia'lt)l 1 4 3 tr 

^(D^oUR^m^m^m^^^xh. m/U77.:fjmtm 
immmm.ityjf^t^m.^^'tt^ztt^x^^o 40 
[0 2 7 9] -is. m2 7 izm-t^oiz. mit^^mo) 
b^-yi^mm^o^^mmi 4 7©^?&x>;/^>msb 
T, ^(DnzR^m^m^^mf^-^mmvfzmmx^. 
mit^^mizm^u Y7,^mA.^zt-fy^x-^^. »/N'-r 
7x« 1 5 1 5 2 t^ormt Lxmit^ 

S»i:CD3?iSi^^<&%je)i)fe*©A*-y7TB 1 5 1 1$: 
e. Co. N if£izt'^>E>f£^^m^mx$>^ZtA^tf?-^ 

\^^\ mfUTX(Dmit:^\siom^imm^mi 5 1/ 

S5IJBS'I4®1 5 ao^EA'-f 7XO«-&i:|ltilT*-2). S 50 
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^&^m^m\^^rzm;u7xij^it. mv.m^mjjA<D 
^oiz^^fmj-<^T7.m^^^^^^x^y \'<Dmm 
fS.r^m^is.zvrzDr^::tu<, n))/^)\^Myj 

-f X ^ ffllf&J T ^ -5 fij -5 , 

[0 2 8 0] mm(Dmm 3)023 iz:^^m<Dm 3 m 
mmm^mr, 02 8ttii2 1 t\t7.i^>/vv:rm(Dm 

mmti^o 02 7('i5l^T. T4^^-y:/l 2(D±{C?^ 
fig^nfcXtf >A';i^7'Ml 4«. Ta. Nb. Zr. H 

f fj.ii(Dm-s 1 ~ 1 0 n mmm^T^m 14 1. >z-m 

{Cf&i;TJ?^)-0. 5~5 nm(Z)|g2WT*«l 4 2. 
<tgfi)ll 4 6. 0. 5~4 nmCDcfWB 1 4 5, 

mimmm 144. s^atts 143. (i^^sic^suTj? 

^0. 5~ 1 0 nmWffiiOil 4 7*^e,«fi!£$n'2>. d 
(7U-B) 14 6. 4'WB14 5. m 

immm 144. sissstts 1 4 3 2tmc 

[0 2 8 1] Tt&H 1 4 2 tC«. A u . C u , R u , C 
r. Ni. Ag. Pt. Sfc«Rh, Sfett^n^Sr^ 

fi£5i-<>:-r^^^^fflV^S<i:. ^fCiKfCgEfeJitCC o F e 

■^±>&m^^tzm-&\z&m.mtm(Dmm^^mib^ z-tti^ 

[0 2 8 2] B2 7(C*3ViT. 0 2 1 1 1^ i;— *f«*KA* 

1'7X)11 5, — ^^«fl;ill 6 (Cj;f3Xlf >A';U>^1 4 

^©±tcgi2 iLmm. ±=^^'yymi 7. ±->-juh 
1 8tm^-^ti^. 

[0 2 8 3] mmmm 4 ) gi 2 9 tt^^aj© ^ b c 

>/^;i/y«)t(cjgffl Ltzm-^(Dm^^-r^(ox'$>^. 
[0 2 8 4] s 2 9 izisi^^xitmmmm 2 (Dm 2 1 

zsmmmm3<Dm2 7 (^m^iimm^z, t->-;i/Ki 

1. T^^V-fl 2®±(C. —*tCO«f/\W 7X111 5. 

— *f©«®i 6. ii^A*'r7XBi 5. xewsvu7*Mi 

4*if>Aj:^Xtf>A*;P:/S^ 1 3;{)^Jgfig^n. ^©±tc 

_h4^r -;/-/l 7. ±v-;i'F 1 8/i^'J^)jX^n§o L-*^ 
L. Ml 6®ffl^-^Xk°>A*;U::/l^l 4©fl|^75^a2 
1 t3J:U^0 2 7 ittS^Jt^. 

[0 2 8 5] Xtf >A-;i/>^Kl 4«. Ta. Nb. Z 

r. H f fjii:©]*^ 1 ~ 1 0 nmC9#J^ttTlft)1 1 4 
1 . i5S{::jrNi;TJPS 0. 5-5 nm(D^2 0Tifi)l 1 

4 2 . simm^m 143. ffiSfUH^s 144. m-^o. 

5~4nm04'ra)ll 4 5. a{tg*Bl4 6. ffS 

0. 5~4 nm©^2 0tt3PBl)l 1 4 8. ^2 0e{tH* 
1114 9. ^ 2 ©R^^ttJi 1 5 0 . i^;>S(CJC6i;TJ»$ 
0. 5~1 0 nmO^ffl^l 4 775^b«fiS$n.5, 
[0 2 8 6] JKft0«S 1 4 4 <haftH*« 1 4 9 ®'> 

7:t<tt)-;^tc. 01 7 t|ilU?SSS14HA. m%i^-^ 

Ti) mimmmi 4 9izitsyAFmitmmm. mit 
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2) mizmitmrnmi 4 4iziiSyAFm{mmm. m 
^mmm 1 4 9 iz\tum(Dmmmitmmm<Dm.^-^t> 

■e-. $>^i^i,t3) m.<mmm 1 4 9 tmimmm 1 4 4 

t) S y A F SS{tH«H©ffi^^*p-a:<£ffl i^^-S) C 

[0 2 8 7] m/'^^T xmi 5m^t>iS>^7/^y hv^ 

>i7f>3 >iS'-ryc7)5g^1ijtTib-575^\ 017. 0 2 
7. 02 8il^tilAj:«|AM 7X)ll 5^U:7 h:t7fe. 

® h7>y^'ti«^*x<y5">i^|^SL/c^, 7./1>y^. 10 

Bi s^mt-^coic^LT, xif >A*;i':/]Ki 4©x 

ttH 1 4 STiU TMrKD^ofir -Mn?^^^(Dm'tiZ 
tt. S^aitB 1 4 3(D-^^^ptji<L'bf^-rz.LAm 

[0 2 8 8] h?>yi^i|iS«SPtC#mg|5i£^-rt, TA* 

xtf>/\'ju>^mTi 3 7:/^*ililL.-^-r<, 20 

auwx tf >/t;i' y^l^CO-T'^T^X -y > i^^*LT«! A' 

[0 2 8 9] Ml 6tti^A-<7X)ich— gbTU X h 
:txmLTt)ctt.i/^)^\ v:c7)«-^tt«ffiffi|iii:iS«A'-f 7 

<!:, #{CiBS/\*l'TXB{c?S!KfiSttH*fflVifc«^{c«, 30 

^ ;i tA^T'^. mmmTm^^n^n^ h 5 -y xe©. 

# -5 ^ U >y h Ti^'ab 5 „ # h ^ -y (tg^^t+h X 

^^e*®:;^}£^clt^TJ;Di«56^cfci:s. ;i©u-F:t-A* 

-l-i h*«lift«S^0 2 1^0 2 7©||)5gJ^^{Cfejiffl 

[0 2 9 0] (HM^J^^S) 03 OtJ:$:%BJ®3?,(C 40 
teWUMJ^^T^b-S. 02 1 (C^LfeSIM©}^ffi2 ilWl 

m\z, mm (h^-b-T) ±{rT->-;uh**5=ttXT+^-y 

X (0^R-a-T) <&mL.. $6('^«±(cxe>/t;i/X' 
Wi s^j^fiXb. $?>lc^a)±ic0*L,TVi;^cVi*^*±+ 

Jg[ 1 3 O h ^ -y i^^iMSStCfS-^fOSI/W TX» 1 5 ^ 

^un.mi 6^mfS.-r^. m/U7:^miz\t-Miiv 
T. rmm 153. 1 5 1 . s^^atti^ 1 5 2 

\tmi^.C o P t :^cf®?lKJHtlKSrfflv>Sc: tTit-e^ 50 
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-2). 

[0 2 9 1] mmi ettTa/Au/Tai^ifOiSStn: 

DtiSSA'-f 7X«fffllSHMDJ;l3^)»<m$n. Xt" 

>/\';i/yiK 1 3 tnm i e « h ^ -y x*gwiSjfi^T®f^ 

:tXtJ;Om$n-575^'. -1':t>5 U >i^r*^SJS't4'r 
:^>X>yg=->ySfi<h"tCJ;OmbTfeJ;li„ T'P-trX 

[0 2 9 2] m/U77.mi 5 75^'#ftLf=cl.^«ffil 6* 
T<7)Xtf>A*;UX^l 3M^T«. M©ffitafit:^^'X tf 
>/N';i'XMOffitrL<tiCjt^TH-^(C/h$l/iJ»^. ^ajAti* 

1/1 0&.-r<Dm-^iz\t. $5,{cxtf>A*;PXM«fi8{t 
gffiJil 4 6®a{t:^'^*«!X#:m#*^a«-tfac7)i:^, hx 
>yXi|ii;^[Rl(C{5{f^^$tlTi/i«)<i:. X tf >/N';i/XMcD 

[0 2 9 3] $^lCXtf>/N*;UXW[l 3ill®l 6«® 

+^;a< i:n^CDT, fl:^l^:Xt^>/^'J^Xi:<Dgl«ffi;ti^ 
75^'+^tC/jN$ < ftiJtaiT^. ^c9te*fgiStaCDX tf >/\'JI/ 
ym^t^MUr- ^ . fi; y -r XT- L t) E S D {C?S tiSSM 

[0 2 9 4] c:ci-c=^f*iafit^S*,«a6^fcs6(cmh 
5-yi'i|'I*^i!e)TJ5>< «@FBlRiLD*^a6T(0< 

m. h^^ti&.±tzmi!t^z.iiumm\zu^, 

tt^THD=&LD^K)'h±^<T^Ziii^. ^y]i^^ 

j^jef ^/W htdOV^T^O. 5 u.mm&-^^'tn&.±f)i 

i^gT-feO. ff^h^-yXtlTi^^'O. 5 Aimili(.T(C^^^ 
m-^iZitHD^LDjiDh±^<m^-r^Z.ttW^L 

[0 2 9 5] ^0^1®raS«. W*^ff^Xtr>Aj|/ 

^.hT-*^., c:(7)F«iatc?sfLT«xtf>A*;i/XMt7)BS 

tn:*iS(*-5^i:(Cj;oT[HiM$nfco ffl^OSyAFH 

SS'lt4'K»*5ctycaft:g*»©J?*.cr)^tf-^& 1 4 nm0 
JJtT{C«i;li.Jli:{Cj:0. 1 6 QJil±©iSi.iffl^t 8 

[0 2 9 6] 
[«9] 
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(0.3111) 


Co Fed. M 


CuQaa) 


CoaDi)/Ni FeCSoi) 


9.9 


22.8 
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C 0 F e (2aii) 




CoFe(2.5in> 


CuOu) 


C 0 F e (3m) 


10.4 


19.4 


10L7 


C 0 F € <2in)) 


RuOim) 


CoFe(2. Sna) 


C u (2. San) 


C 0 CluO/N i P e (401) 


13 


18 


&1 


C 0 F e (2. Job) 


R.u(0.8ai) 


C 0 F e (2. Sua) 


Cu(Ziib) 


CoFeaiaVNi FeU.5u) 


U 


16 


8.7 


C o F e (Sun) 


Ru({).9aa) 


C 0 F e (3Ba) 


C 11 Oan) 


CoFe(lm)/Nl FeOim> 


17.8 


13 


6.S 


C 0 F e (Sdi) 


Rua9DB)i CoFe(3ii]) 


CuM 


CoFe(3ni)/Ni Fe(2u> 


14.3 


12 


7.2 


CoFe(t iim) 


RuaiDi) 


C 0 F e (3in) 




CoFe(liii}/NiFe(7]iB> 


1«.8 


14.7 


7.3 


C 0 F e (Sm) 




C 0 F e (an) 


CuOoii) 


CoFe(Sn) 


U.7 


12. S 


&2 
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: T a (5bi)/N I F e (2nii) P t Mn a 5in}/«fiftliB/ ttfttt^l/ MttlA/ «l»HI#aftB/ Ta 















Rs 


AR/R 


(on) 


p;^ Cdi) 


9^ (Dl) 


J9S(Qa) 


M 


M^m$ Cn) 


(fi) 


(I) 


Co (2010 


Ru(l).9fl]]) 


Co (200) 




CotM/N i Fe(ZiiD) 


10. 4 


23. 5 


1 S. g 


CoCZna) 


Ru(0.9im) 


Co(2ia) 


CuaSm) 


Co(a5u)/NiFe(2j]iO 


». 9 


19. 7 


?. 9 


C 0 F e (2ni) 


R u (0. 9m) 


CoFe(Zin) 


Cu(2.Siai) 


CoFeain)/Ni Fe(2]ii> 
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CoFe(2i«) 


R u (0. 90]0 


CoFe(2iii) 


Cu(2.Sii]i) 


C 0 F e (dm) 
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[0 2 9 8] c:©<i;^;^c1Si«©xtf >A~;i/yM^fflViT 

iKttB A ii^m^m B fcli f c c ffl75i^^;5: C o F e , 

CoNi, C o F e N i ^#$-ffll=.^^<i:. 2) i^-ftg 

Ov CoFe, CoNi. C o F e N i V^-S ^1 
<t. 3) S9SmffiK(CttP tMn. P t PdMn. Ir 
Mn. RhMn. RhRuMnti.E(DWL^M7tM^-^tS 

[0 2 9 9] HD*LDd;0 fei:^<^S-r-5«-&©^ 

©IMfflPS i T X Mco FbIP H M D S-iScT S 

D ij\Pii)^9t\<^&iSMl^ik fC i^i o T L * t, \ SfiS^Ti^^ 
/N-r h:^(oJtcliS{tSSH«iSS{t:*^'(p]#-^-r<7S:0, 



[0 3 0 0] ft#:^JiLT. 1) HD=0. 5 Mm. L 
D=0. 45/xm, HMD=1. Sum. 2) HD = 
0. 4 urn. LD = 0. 35/im. HMD=0. 

[0 3 0 1] ^C43. 02 9(C(ii^{l:g*)lt*«(^FBl{C 
[0 3 0 2] (ll)®CDJ^^6) 0 3 1 iC*%B^©$e.lC 

cDj^ai 2 Lfch mm<^s.^m^m \zm\^rzT^m i 

5 3. I rMn. RhMn. C r M n l^cfWiKSfiBS'ttM 
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152. CoFe. NiFe. C o 7^ i: cD?SJiStt^ 1 5 

[0 3 0 3] ;ico±iixtf>A'jp:/Mi 3Amf&^n 

<i:/0^*J;D»SLVi<. aftSSS 1 4 3(DTmm 14 1. 

1 4 2 WJ?^««iEA*-f TXB*^?>0/t-rT7.fi8l?-Sr^5a 10 

ifSLV^. ^fcXtf>A';U7'Ml 3 <i:iKi£yt-<7X 1 St 
[0 3 0 4] Xtf>;N';i/7*l 3CC>±{C«— *tC75Ml 6 

^. 

[0 3 0 5] Sfc*M«ff^ffi5{CT^L/ti:|WHtic. H 20 
D«LDJ;0:^#<. fi.oHMDJ;D/h$<-r^CitC 

>/^;U7*Ml 3©}g;tn:«^i«J6TB^iU;^J*iSi>e). iS® 

[0 3 0 6] rzmGo 

m.1 <tvi5«^56^?). :^^m(Dm7 (Dmm(Dmm\z-:>i,^ so 

[0 3 0 7] ST. *IISgfl^^,©:i:#:^J*S^n~-r^mf 
[0 3 0 8] i«'lttgCDXt°>A'Jl.7'M (iilT. SVMt 

[0 3 0 9] (1) (mzmmyo±7.T 

=.-)HzMVX) . 

[0 3 10] (2) ffS!a5S©J;0-SCD[oJJiSrH-5± 40 
TM R b T S . 

[0 3 11] (3) it^^^^ti.MRmitmtm'bti^ 

[0 3 12] z.nii<Dsvm(Dmmiz^^^x&.Tiizmm 
[0 3 13] (1) sma. 

svm(D^mm(D-'^m,i.mi^tiyX\t. nifc m 

nm) /Cod nmigffi) i F e (fcnm) /C 
oFe (Inmgffi) T&^^enTV^^. 2:©J;-5^c!SS8 50 
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m^m^^fzsvmm'jtti^xii, 

(a) Ta (5 nm) /N i Fe (1 0 nm) /Co 
(Inm) /Cu (3nm) /CoFe (2nm) /I 
rMn (7nm) /T a (5nm) 

(b) Ta (5nm) /Cu (2nm) /CoFe 
(3nm) /Cu (3 nm) /CoFe (2nm) /I 
rMn (7nm) /T a (5nm) 

[0 3 1 4] ±fab/tJ:5;^ctS VMT-tt. 2 5 0'CX4 
HSlgCDT'D-feXTZl— ;i/Ta s - d e p o^OMRffi 
l,Z^ Vxm^itX^J 2 0 %JWJit)OM R#?fl:*^'^feL;T U 
S ^ = 'fs^J (a) (DS vmxiit a s - d e p o B#OM 
R^-ft^e. 4%7it2 5 Orx SH©/--— Jl/^tcH 
4. 7 %t a s -d e p oB${C*fL'Tffi*fltT2 0 %Ji^ 

iK.t->-r^tC0X^U^^XUX^^. fc. NiFeSriSa 
HiLTffl^iTl^/iVi (b) ©SVMTfc, as -de 

p oB#©MR^<t:^«8. 1 %-ea&^o{cMLT. 2 5 

Orx SHOT— — jU^tC«6. 5%tas-depo 
B#ilt««bTij;^2 0%(7D^Mt/C)^*±i;-2>, eiOj;^;^CMR 

^{t*©^ftsa^!^tt^!ittt(c-r s ^izu< skmr^ 

[0 3 15] M^mitiZ^^i^-ftzm^^'y HT-tt. JcDSS 

uMR^ft^Sr^fr-r-ss v]K/i^*M*nTt/iS75^'. ±aib 

feJ;5(cSffiiTtCf#e,nTVi.5S Vj^Ttt. as-d 
e p oB#(cf#enTt.i^MR'^fb^^. -^-y Hcof^SX 

-5. CltiUlOGdps i J^A±<i:ViJ:5/j:E®«*(c:jl?t 
JS:$-&yS:MR'\>y H$rBi5!t-^±T. fe#tfc«Stb;i 

[0 3 16] (2) Sltg^*©$iJffl(Cj;^MR^ft:*® 

^MRM^m^mfiSL-r^fzlt,\Z\t. (DX^hfzas 

- d e p oB#iCf#bnTl^fcMR|g{l:^$r^:/PirXf* 

Mm^^^-fy^iZLX ±if^A\ fcL<«as-depoB# 
X\ty)[^-^y^>zy^)\^<DMRm<tm*^"^^nX\^^ti<X 

fc. ^fu±xmizABt£MRmtmi)m'E>n^j^otii 
m^^^-f)^izLxmm-r^-^^t\^^o^th&^x$>^o 

[0 3 17] GMR3a*tt. «^®¥±^gfeffgJ;Dfe 

^;5^*;^:^<fj:^o bTl^^Lf^^e.. S VlK1«ifi®J;5(c. 
a{l:H««/*ai4f MB/JSaSBttiofcn.- h b 

[0 3 18] ::n^'>LTfc5S:S-r-5fcJe)tc«^S;Jt^ 
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[0 3 1 9] ^::t:\ Sffi^fflft^tiT^^^S^atti^ 

frStrS < -r ^ ®T* ^. 

[0 3 2 0] lAe*«GMRMC9a*:i--y h(7)±TBT? 

■rco5Fi^isffs©sg8i/ctj-ii^*^WT?^-r". gmr 

^:i:75^'T^/c£l/i/tJ6, MR^^t^MiCJi^L-T^ifco ^ 

^ ^ i ^ -5 J; 3 ic ^ es6 , MR Sft*/*^* 
aS14» cD^l.#j (c ^ s K S « > ;^ ti >(cte# L fcR 

[0 3 2 1] i:M.\^tz.^hmt-^m£.svMmzM^ 

T, D-S VM(Ci3liTfc3^)*$:f|jf-r-5<. fcfcL-, B 

[0 3 2 2] Se*. ±iBbfcJ;^fc!:iSiSSW^«<£«M 

[0 3 2 3] (c) S i aiS/N i O (5 0 nm) / 
Co (2. 5nm) /Cu (1. 8 nm) /Co (4n 
m) /Cu (1. 8nm) /Co (2. 5 nm) /N i 
O (5 0 nm) 

(d) Si a^/N iO (50nm) /Co (2. 5 
nm) /Cu (2nm) /Co (3nm) /Au (0. 50 
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4 nm) 

(Ref. J. R. Jody et. al. . IEEE Mag. 33 No. 5. 3580(1997)) 

(e) MgOS^S/P t (lOnm) /Cu (5n 
m) /N iFe (5nm)/Cu (2. 8nm)/Co 

(5nm) /Cu (1. 2 nm) /Ag (3nm) 
(Ref. Jl|^«»fife> B*^IS#^ 1997^»^;*:^flt^ 
M^pl42) 

(f) Si^S/SiaN^ (2 0 0 nm)/Bi2 
O3 (2 0 nm) /Au (4 nm) /N iFe (4 n 
m) /Cu (3. 5 nm) /CoFe (4nm) 

(Ref. D. Wang et al. . IEEE Mag 32 No. 5. 4278(1996)) 

1 3t ^ 5 nx V i ^ g|5iJ-T * ^ „ 
[0 3 2 4] ±e (c) ©SVi^Ttt. ±TM)lit)if 

> >- ^ A* 'J 7 (D fffi V iffil^tt ©Kfl:^ ^ ffl I. ifc S 5 

MT-fc^^Ac*, N i oizmLx^^^m^mo^m^t^m 
mr^mihmtzLT^^^^. ±iH«^sttD-s vmx$. 

[0 3 2 5] ^-r, N i o\t^mm-^ijtim<mmm^ 

Tb^p, l*«fitnCDit±(iE SD (electro static d 
ischarge : i^«te«) ^^I^Sd b^T < fj:^Ac«6{cM 

ibo^iv^o c o F e ^mmmizm^^ftm-^. 

CoFe fee (111) E|6]$it/j:^tntt*A»fj:*)^ 

iz^mr^m-^iz. mmmo-fmtLTmimm^m^^ 

^:itttC o F e fCioT f c c (1 1 1) gH|B]«)>''«-.y 
[0 3 2 6] ifc. (d) ©SVi^T'ttTtteBlCN i O 

(DKMrnrnK^m^m^m^^. ^^.tcK^ffioAuji^t 

S.^mtti.-:>T\^^^o ^fz. (e) a)svmT"hmm 
!C, )^«fficOAg]^75^'S:Wlii75:-DT*5 0, Agl^i)^ 

t ©Ti^T^ > A- ;ni* Wffl b TMSSI^^i** §1 # 

WbTI/^S, M^BTOSWIitbT, Au^AgOj; 

lOOaStbT (d) c7):$tffl^(C«. li^ffiT©* 

^ii:mAm^^m<kK)M^m(D:fjtm^o'^-r^^rzist> 
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[0 3 2 7] ±mLrz^^ts.^mm^m^m\zm^^rcK 

[0 3 2 8] ^JA«, ->-;!/ FSMR's-y HtCiJViT 

±ic«ji$n.5. (d) (Dxmzmm^nx^^^j^o 

-2) o 

[0 3 2 9]||^(C. (d) ©SVJiOAu^SBiC. 20 

[0 3 3 0] u) (Dsvmit (d) iimm^zAum^ 

^\^mi^rzh(Dx&^o zL:ix\ AumitmmuTmm 
mji\^^mm±izmm^mr^tY^y>v^sv^-r\^^ so 

z.tAm>^nxido. z.n^9iimT^rz^\z cf) cos 
vrnxitymzji^^mivx. Aum^m^x^^tz 

tiiy^yhizL. ^cr)±(c«»$n-5N i F e i®#B 
[0 3 3 1] L^L?^cC*^'b. (f) »TW«lSffle<]?^5; 

(cfiKiib. 3 5 ox:x7=.-ji^no t^mi^ui^^ 

A^m^tH'^^Cii^mmi'X. ;*$2 0nmOBi2 O 
3 M^Ti^tL-Xm^^X^^^ (Ref. C. R. Tellier and A. 
J. Tosser. Size Ellects in Thin Fi 1ms. Chapter I. Else 40 
vier, 1982 . L. 1. Maissel el al. .Handbook of Thin Fi 
Im Technology. McGRAW-Hi II Publishing Company, 198 
3), 

[0 3 3 2] s i 2 03 moyrmtLxm^ 2 

0 0 nm©S j 3 N4 m^m^^X^^^o tP^O, ^sY2 
2 0 nmh(Dm-^<DTi^^AumoTmtLXm^^fz 

±(C. 3 5 0"Ctl/i^iiSfiTCDT--;i/Xg^^TVi 

^. 2 2 0 nmti^-omm\i^'ikm^m^tiz^^x^-r 
^»xti<. mmmtmiibxi&f^^h0x&^, s^t. so 
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^mx^miKm^m^. MRm<mt^mv<':^<ti^xv 

ccoumittziixnmmzmnrz Co (cof 
e) /cu/co (coFe) mmm^^^^rzsvmx 
t> ^®j£ff /it^ u T L * ^ ^ . 

[0 3 3 3] (3) CoFeCDm^WM 
C o F eJiS®fiS«i:LTffl^i^«^, fee (11 
1) SHlfilLfcTilfeWSigffl-r'SiliTCoF eH^ f c 
c (111) B2li^$-a:, 3:titc:J:0*SciK^i|#tt^|p]±$ 
ii:^::tA^'Sl^X$,^Z.tA^M.lii-^nx^^^o ZZ.X 
lit. fee (1 1 1) BEfolL-TtTltHtbTC uB^A 

5 i-r)<Da:Sf<cS*Ta&^aS(C':3i/iT«^<WP$n 

[0 3 3 4] (g) Ta (5nm)/Cu (2nm) 

/CoFe (3nm) /C u (3nm) /CoFe (2 
nm) /I rMn (7nm) /T a (5nm) 
(h) Ta (5nm) /Au (2nm) /CoFe 
(3 nm) /Cu (3nm) /CoFe (2nm) /I 
rMn (7nm) /T a (5nm) 
ilHbfc (g) CDliTtt. Cuiittf e e (1 1 1) IS 
[6]UTt5D. CcOfcc (111) CuM±CDCoFe 

nfcf cc (111) mi^vxm.mmtmmx^^%<D 

( i ) ffil^tt;!)^'^!'^ (as-depo:8. 1 % — 
2 5 O-CX 4Hfl : 6. 5 % (M R^{l;*ttffi*|-itT- 2 
0%^{t:) ) . (ii) a^AfJ- 1 4 X 1 0-^i:*6MM 

A^:k^\^^:fs.a. s-rv^mm^^ir^i-izm^vxi^^^iz 

<t LT(i- 10X1 o-^~+ 10X1 o-^S**ta$u 

[0 3 3 5] ^etC, f c c**i|S|-iLTCu(C-R;;tTA 

u^fflt.^fc«^ ( (h) «M) (Cfe, (i) Wf^tt*^^ 
lMas-depo:8. 4 %^ 2 5 0 t:x 4 Hf* : 
6. 5% (MR^<t:*«ffl*tJtT2 3%^{l:) ) . (i 
i) )K3iAl3:+3 3 X 1 O"' iimimii^±^^^f£ll, C 

um^m^^tzm-^tmrniz, '^^rvhrnm^^-^^izm 

^vx\^^^t{tnxf£^K 

[0 3 3 6] ±K (g) , (h) ©xtf>/N';i/::/M«x 
RD/-^^-y^d -2 9x^^'yxmMvxwmvfto 

CoFe/Cu/CoFe smXi^iiimWid 7.^—'> 
y^mtf^-oX^^^fzab. l'D(D\^~'!7\Zf£-oX^^fz<D 
X\ •?-CDt°-i'tt^io?t. Z.(Dt^. Cu±(Z)CoF 
e/Cu/CoFe SBcDf c cElSjfiOd- (111) 
X'^— ->>y<Bti2. 0 5 4nmT'abO, Au±COCo 
F e/C u/C o F e 3)1© f e cgElpl<73d - (11 
1) 7.^->'>ifimt2. 0 8 6 nmX-a&ofc. i^iliT 
Si^tC. z:nf)Cu±iJ<ttXAu±Od- (111) 
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(111) Aul.(D±^-t€^d- 

(1 1 1) 7.^->'y^{mti^'^\^<t^^'^z.t-t)^^i)^-o 

[0 3 3 7] dCDi^jc. coF em-A^i^tt^^mm^ 

m^^^m^. m\zfcc (i i d E[6]$-a-/iTttbB± 

jfi^T^^t^fcc (1 1 1) B5[S|$-ltfeN i 8oF e2o± 10 

ire o F e ^fiKML. iiE^6<)(c{aS^(Z)N i F e ird: 0 

mmm±^tLTm.m^mizT^mm. i±m\^tz (a) 

[0 3 3 8] ±.'^LrzJ:^iZ. fif^WX tf >/N'JUyWtt 

-So 

[0 3 3 9] SAc> Xt:°>/\';i/y'M»MR^{l:^(Z)fa]± 20 
S6> «SJ;^tt*U-H«ffi<tcr)J*ttfitnCDli:;>ctCJ:DESD 

^(D-Q^-otz. Z.<D^'bfS.Z.iif}^^. m'f-^MM.^yY 30 

tf >A*;i/:/W®MRS<t*Sip]±Sti--5 ^ t^^astiT 
[0 3 4 0] 7.tf>A*;i'yiK©*ica^#tt*i« 

i*-5±T, C o F e-&^;^c<»:75^6;^c^C oJ^ilttH®fiS 

[0 3 4 1] «^\z. mmKmnmz^^y^\f:yn)v7m 

OMR Sft^©|Bi±S))*^ffiSiiOiSMS!imc-^ tiX«. 
xtf>A*;i.:/McD||ffi14^£ii5J6-5±X% ^T'n-kxtCct 

^'^^t^nur^sm^^sb^. 40 

[0 3 4 2] *^S6}^^ti^«<±;^/j:ilffifc*f^a-r^fc 
^. $;tllffl'l4*#«L.fc±XMfflS»t^*tCd;0MR 

uvtz7.}£>wu-ym^mr^m^i&m'Si))mm'F^mm 

^}Stn:5{i!)«sg?2:fflVi-s;ii:{Ccfc-pX> fSfilH^^ltiJ 
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S S#t -r -5 d t g W <h U X 1. i -5 . 

[0 3 4 3] uiT, ±mi^fzmmt:m^-r^rztb(Dmm 

comWJz-z>\.^X . B!ffi$r#HaUXlKBJ!T^o 

[0 3 4 4] 0 3 2 tt. :^mM(Dmm.i&mmm^ (u 

;ine.^l*Dj;DC|g2oa'l4Hl. 2«. 

gi. 2ffltts?s<Kttiis^Lxfee,r. mm-^mcDm^ 

^BM*«fi!cbXVi.5„ 
(0 3 4 5] ^I*5j;yfm2(7)a'l4lll. 2«. ^Jx.« 

c o c o J: ouco ^^ts^m^mzj: lo 

«fiX$nxt^^, aitWl, 2\tN i F e-t^uiixm 
fiKbxfcilio c:n?.wp-fe. i|t!cA';i/i7^^i:^®g;, 

I^Sr*(C±€-<T^;ii:*^-X^. ±^:fiUR^itmt)^m' 

[0 3 4 6]®tt)ll, 2€«fiK-r^Co^^<i:bX 
CofCFe. Ni, Au. Ag. Cu, Pd, P 

t > I r , R h , R u . O s . H f ;i iiT^^ bS«n-5 1 

m^rz\t 2 m&.±<^yi.m^mmLfz^^7f)m\^^ibn^. 

^JP7C^*tt5~5 0S^%<i:-r-S)C<h75^'JfSb<. $ 

?.(ctt8~2 0MT%<D$gfflfr-5^:t*^a*bVi. CI 

»^#^±X. ^fCFe^fflVi^Clir-^W^L-Vi. 

[0 3 4 7] |gl*a:y:^2©JH4)il. 2CD-5-^, T 

mnw, 1 1 \t.m.%mn.m^\^±.m mRmi. 

m) 4±(cm$nxt/^^o MR(p]±)l4«Tife«tg^ 

mr^nm.'&m (£at> ^^ffiSttTM^tis-r) 5±{c?g 

fig^nxt^i^o dro^^aiiTiftli #iJx.«Ta. T 
i. Zr. W. Cr, Nb. Mo. H f 43<i;y.'A 1 
S(in-5'>fj:< it) 1S©7C*S^?1)1X*0, iin?. 

t^tCi^ig-r^i^tC. MRt6]±)l4X;Kltb^ 
n^i:*^-p&«^ Sl^attTite 5 /M RIfiI±S 4 If ffiX 

[0 3 4 8] 'mi (Dm.>&.m i a^^^Mif (c j; o s^^t^^isi 

^•^{t-r'5!g5{^«X^'2>, ^2(7)att)12±(C 

IrMn. NiMn, PtMn. FeMn. RuR 
hMn, PdPtMn, U \ Of3.Et^^1S.^K%W&.m 
6*^'}KfiK$nxVi-5<, ^2cDmtt«2{CtiS?Sai4H6 

[0 3 4 9] EI3 2X'«07i^$nXI/ifj:U*i, II2C9BS 

i4H«a«:^ffii: Lx±is© J: o \zmummtm.mm 
b$-a:xi^{t:^ffi]*H«-r-5;^fficDffeic. m2(Dm^m 
±(cRu. c ruii<Dm^^i^xm3<Dm.i^m^mm 
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SOm^m^-^O^m^tLT. CoFc/Ru/CoF 

e, Co/Ru/Co. C o F e/C r /C o F e , C 
o/C r/Cofd:i:*5^tf?.n^„ ^©t^OS^fiStt 

[0 3 5 0] mi*3j;r/m2roattBl. 2WlCgHfiS 10 

n-5#^?KttH3ro«fiXM*4t bXtt. Cu. Au, Ag 

[0 3 5 1] ^^m^m6±iziiumm7tm<>-fiE>nx 

^, xt°>/N'jU:/M8lctt-b:>X««^^#ti^-r-2)— 
;i'>^GMR*^*^^ifiX^n«). xewN'^uyoMR^^- 

[0 3 5 2] ±a!Lfcxt°>/\*;u:7'si8^«fiX-r-5.#)l 

1213 2iCS^-rMRlp]±)i4tt^l CD^SM4 ai:^2© 
^«iK4b<h©«HM{cJ:f9«^$nT<.i-5o Xtf>A* 30 
;i/:/Ji8 0Titfe<i:LTt^tg-r^^B]m4 a, 4 b 
^Jx.tt'Cu. Au, Ag. Ft, Rh. Al. Ti, Z 
r. Hf. Pdt5j;t>'I r ;<i^batt*n-5^)^c£< tfc la 

[0 3 5 3] ^:n5,i«ic©^«Mw3-^. mKom^rn 

<Dmmz$>^o ^2®^S)it4 blCOViTfe. ^nsri 

mi tmr^mtzit. m^i:£m^&&^m^^^mA^ibf£ 
^mi<D^mm4 atwm^ti. ^to^mnzm^&m^ 

1 <Z)^JRM 1 a J; 0 ) &\^^m2(D^mm4btW& 

[0 3 5 4] cliiiT. ^^^mtzmf^tmrno^mmz-o 

2 7C^©ffl0 (0lJAtf. Binary Alloy Phase Diagram, 50 
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211" Edition, ASM International. IQgOfii*) (CiJ^i 
T. AS:«W<i:L.fc<i:#{CBdiH 

^T-^^M^%«t. Bmutvfzt^izA^mmT'^ 

[0 3 5 5] mi^mtvx. m^m m^itmrnimi) 

-tiz^^^xwim-r^. m^B^ f c cssfS]ic-r^AcJ6(c 

ttTifeM/{)^'f c c^«^h c p^mx^^:it^m^L 

vife*. m^m\zmr^MR[^±B(Ds.i^mttmm7tm 

tLXitAl. Ti, Cu. Zr. Ru, Rh, Pd. 
Ag. Hf. I r. Pt. Auti.ift^mf'btl^. 'tl 

T^TC^tt, Cu. Ag. Au(D3 7t^tf3i^o Sfc, 
N i <i:^H^tl,i5±IH«^fe^1^S:}SjS-r^7r:*tt. R 
u. Ag, Au(D3^mtt£^o fiL. att«i:LTN 

mm(Dmmz$>^i)i, :^mBmf)mm^ff^rzm^. m 
[0 3 5 6] -rt)i:>t>. y^-m^mi^^m'^izit, mr 

=f-<Dmm^±CX. diffusivef^l^StC/i-pTLS^ 

yj^^^m^^^izw-fffi^mx h, d i f f us i ve/cc#® tc*. 

mm.m^itmmf.i.t^^z^x:'. ya-^7.oyMm<i.E^ 
n^t^iom^tn^o osd. mMmizj^-oxuR^ 

75:i:^:^, ^l^-N i -^^Btcc u<£-::3ttfcll!g^S:ffofc 
[0 3 5 7] JJi±®^*/&^e,, N i^^iCutttl^H 

CDffi^^t>-&lCC u$:JJDX.T. Ru. Ag, Au, Cu 

ii^m-r^:LtA^x^i>o z.(Djiorji4^mm<D7tm&M 
n t(D^m<Dm.mmmmm^mtj. ^ (c j; o t t^^^n 

[0 3 5 8] Z.ZXit. Jlttil^ f c cElpJ^-ti-^Ci: 

*#:e<)fCttattfflt LT, CoFeB, CoZrNb. 
C r tCT i . Z r . Nb, H f . Mo. T aUif.f)miia 
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[0 3 5 9] ±si<D^mtzj:-oi:mi^^nrzM 

TcBtLTit. f c c #p-^h c p^S;5^*ai L< , A 
K Ti. Cu. Zr, Ru. Rh> Pd, Ag. H 
f. I r. Pt. Autj:iltmi>f>itl^o 
[0 3 6 0] MR[Sl±B(c«HI«^jgffl-r-5«^, EBitt 10 

14)1 13^ b T 1/ i ^ fflij » t H © IH« ^ *T ^ 

tvrzt^izBAmm-c^^m^xmt. Bm^ti^tz 
7c* ® ffi^-^^^-e- sr t) o t -r ^ . 

[0 3 6 1] MR(fi]±B4(C«Bm^igffl-r-5!^.©Jf^ 

^, ^MM4 b«±IS®B^w^#*?PI;fc-rA 1 . A 

u, Pt. Rh. Pd, I r *^e.atSn-5'>fj:< it) 1 

^AgTli^bfc^^. ^M^4b(iPt. Pd. Au 

*^ e.a«n^'>fj:< t fe 1 m^^ti^mmx-mi^-r^ ^ 

t/!)WSLl\ ^BM4 a^AuT«L;^c*i-&. ^« 
M4b«Pt. Pd> Ag. A 1 75^6il«n^^/j< t 

1 i ^^T, ^Mlli4 a *-?-ni#^@?§©^fefl^^?il 30 

fcTRuTlifigLfc*^. ^feBIK4 b«±fScoH^<D^ 
fr^i^fcTRh. I r. P tt)^<bmi<^tl^'pt^< thl 

[0 3 6 2] l.mi^rz^ot^m^'^t^iiCDo-^. MRlBl 
-h)l4^«/iX-r^2x;^;0n 0%lil±SVMC@^-r-5^ 
tt'^m^LK, ^Jx.tfAu-Cu, Ag-Pt. Au- 
Pd. Pt-Cu, Au-Ae^^-A^^if^n^. fS. 
*5. ^SIi4 ai:^aM4 bCDM.^?^-&)b-&«. j5TLfe 
JtiaLfc@^©M^S:i^fcLTt.ifi tttltS ;^J: ^> V ^ t) © 40 
X'iiU<. ^J;t«Cu-Ru. Cu-Ag®ia*.-&t)ii- 

(p]±)l4«. ^1<D^JSM4 a<»:^2co^®K4bi© 
2H«JiM(cEbT. 3H£A±©«@MT«fi£t--5C<!: 

[0 3 6 3] MR(fi]±S4«^10^«M4atlS2CD 

^®M4 b ic7)«HBiic©e.-r, m^itm 3 3 tc^-r j: 

lca5^7Em®^^H 4 c T-M R |6]±)1 4 ^fllBX-r ^ i t 
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TtmtLXCu. Ag. Au(?5 3 7C**^e.jltt*tl-5{j>;^j; 
< i t, 1 aSr^tTo ^/c. ^ttJil^'N i ^^Ti^b/i^ 
«-&{C«. •&^feli4 c«±«fiX7C*tLTRu. Ag. 

Au. cu(D4 7cmA^i^miin^'pf£< thim^-^ 
[0 3 6 4] ^^)i4 c i,t±mvfz^miisi.^m&.mz{i;^ 
izit. 2ffl^ffiMt75:e;^tij:5tc. ^m^Ttmtmm 

(CC uSrfflls/iJl^tCtt. Cu-Au. Cu-Pt. C 
u-Rh. Cu-Pd. C u - I r /it'COM^S^O-o 
^T&iffll/^^n-S), •&^*4 c W3E«^7C*tCAgSrffll/i 

;t«-&(Cli. Ag-Pt. Ag-Pd. Ag-Au;^ci: 

con^m^co^^-fjim^-^'iti^. -^^n 4 c «±«^7c 

^{CAu^ffll/>fc«-&{C«. Au-Pt. Au-Pd. 
Au-Ag. Au-Alf3.iz<DM^m?k<0-^^-^^m^^^ 

[0 3 6 5] ±mi-fzXofj.'^^COot>. MR|Rl±)l4 
iUT©^^)i4 c «2^*7:)-Sl 0%Ji(.JiSl^{cHjtT 
^Z.iiA^m^V<. ^J;l«Au-Cu. Ag-Pt. A 
u-Pd. Au -Ag;^j:i';^^'^tf en^o :icDJ:^tC. 
MR|6]±)i4{C(ia4-©}^^^jg;H-r^c:t75^'T-^. 
A«*l|3 4 t^-r=t-p(C^gM4 ai:^^ll4 c i©« 
Si^TMR |6J±B 4 ;i <h fc Bj^BT'^.^, 

[0 3 6 6] mmmnzco^m^m^^m^^^m'^. 

1 C73TiftiLTOMR(p]_h)l4ttC o^fiS'[H^#4 

iiwi-® f c ciiga«jt^#-rs^«tjif5|.-^. 

f c clH[pl$-t3:^TVih c DltjS©&JRMi|s|-S:fflVi 

u. Au. Ag. Pt. Rh. Pd. Al. Ti. Z 
r. Hf. I r75:<i:-^-€-ne.<75^^«MR[p]JL)l4(7)1t 

BMfe b < ^>^c^MR|B]±H 4 ^fflli^ ;i i 

tdJioT. mzmj&ir^.i:olZ. C o F e-&^;^ci:OC 

[0 3 6 7] MR[e]±J14®Si/?tt. TJ^feil t LTOtK 

^\ tztzv. &t^'om<-r^tiy\>h^m.(Dm^\z^ 

lOWRm\cMti^WL'>-t^1t>sb. MR|p]±H4C0mff«l 
0 nmij;.Tt-r-5C:<i:*WSL<. ^e>(cS*L<«5 

nmJJI.TT$)-5o 

[0 3 6 8] ±igbfcJ;-5/cCMR|pI±B4«. Xtf>A* 
Jl/:/J«8®BfStlt^|fi)_h$-lJ:;z,«^, Xtf>A;i/>^i^8 

®^ffij5S*M (#fflswi») ti.x(Dm^. yu-mt^ 

M^^m-^izhUR^itm^m^mizmi^-r^m^. co 
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[0 3 6 9] 7. t°>A*;!/:/)|gc7)fiyD-fc:x^{t(c 
H3 5tCi5t.iT. I Fs «Xfcf>tfe#itSLSn^# 

ffi. I F« «xfcf>fic#tS[SLT«;^<^®iga$n^if lo 

®i£*LTi/i-5o 03 5 (a) , (b) ttSiffltt^ (a 
s -d e p oB$tC?^fJtx) ^, 03 5 (c) tti/D-kXT 

[0 3 7 01 03 5 (a) . (b) IZ^T-k^iZ. Xtf 

>n;i/:7GMRcoa*jL--7 h t^^c-sisan i 

M#J-e<^^®«a3?^)«*^' a s - d e p oR#(C«*fei;Ti.i 
t>) . 03 5 (c) tc^-TJc^ic. y'u-bX7=^-Mz 

e,nT. MRiKf14CD^^t;0^5fei;^c:t*t3t;ie.tlS, 
[0 3 7 1] ^BSS^ffiTW^MSit^a^tt^^^iJg^ 

m^l/t. N i Fe/CoFe#MTfeJtt^S<)5 + 
->>i7';^/>''>/j;l.ia s - d e p o ttMTtt^ffiSltXi^^O^' 

*^NiFe-Co F e#MTtt§^(C#ffiJ£«C*^5fe 30 
[0 3 7 2] mi^mz. N i Fe/CoFe«HMii>ib 

:f3:^mmm^mmvrc7.if>/-^)vym-^\t. NiPe/ 

C o F e I^S©M®SM^!)*7i^*yD-t:XT:r-;i/tcJ;o 
T^t^n. #!l;K.tt*a s -d e p oB${C7. 3%-e^-3fc 
MR^^t^/iJ^ 2 5 O'CX 4H©7'P-lrXT-— Jl/f^T 

JKCi^N i F e/C o F e#®T-O^HSW«iS:®^ 
ft (c J; S M R ^{tmo)$iW}f)m ^^tzt^^octhm^ 40 

[0 3 7 31 m.M(r>^X-T!\t.. NiFe/CoFe l^ffl 

a s - d e p o «4^teT«Jt«<W 5 + -> > 

BSIt^a**^*i;-5t#A?.n-g>, i;i^75i, NiFe 
/CoFe«@^®M«ta&^fc«e). yD-feXTn-JU 
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Rm'i^fi^'^it-t^z.tti^^^ibn^. mz^^ot. as 

- d e p o<*ffiT'«M®S«-^«(0^fcttMR^fl:^*^ 

[0 3 7 4] Sfc. ^U-HTl/^^l^iW-g-tCtt. MR[fi]± 

di f fusivefj:IH®{C43ViT## 

S;^^*fi<7^t6:^ci:Vio OSO. MR^ft:*W{gT^J9< Cl 

^fOmmiiU^o 0*0. f^matCtoTMR^ft^^^ 
[0 3 7 5] 7U-Jli^ffiatti«#«»t«i|^®(C*3Vi 

iz\t. y 'j-mt4^mm?sm-m.mo:>un^wmmt-r^ 

ir^ictt. #JKttii[#«)I®M!|S|-tbT, Cu, Au, 

Ag, R u^^tfSri^&^'T^^. :idT, Cu, A 
u. Agtt^Jg;ta75^*{g(.i»T#(ca*Ll'H 
[0 3 7 6] C:©J;'5?'«£C: MR!RfttCD^{l:2rjff 

^JA«C o F e-a-^fe®<j:^75;W*4SrGMRS 
2|5:n.->;/ h(CfflVifc«-&, CoFe^^H^fcc (1 

1 1) ElpI$-a:^;t«e)CO>— HHtLTc^titgfe^fc:^ 
;^tttntt';^c?>;^j:i/ifci*. fee (111) BH|o]b^-rvi 

[0 3 7 7] y^P-bXTZl-jKCJc^MRifJttW^lJ^tO 

icas/cC)K?»iii«ijfi<!:LT. iS5«ig/#satttfraH/'fiSi 

nmf)^- :/D-irXf^7:=:-;U^ffoTt>^^lC'^oTVi 

e.n-£.»[«ffl«ja*^as Lu. c:ti«, iSJ^H/#)6S'i44' 
«tSL^*^^M(c*^tc«o^cae)(cas-e$>-5. 

fi^1±»7!)i«fHI^*if,;5:S«^{c«. ^^att^ffflBfc 

[0 3 7 81 ±M\^ti^ots.^¥i^^^-m-^rzmz. m. 
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t^C o F e/C u^C o/C u) . ^« J: o ;^tl?-BT09 

«. GMR**ZL-.;y Kg|55i-COSgS (^Jxtt'CoFe/ 
«^B^'i:tC$,^(D-(:tt;^C<, CoFe/Cu/CoF 

[0 3 7 9] 3lffle<UcSI^Lf#^i^a«jStb 

<. S<i:^<i:BF'^lE[o]C5"rn:*^Y<^^i-9-y^i/^'r >A*>^> 

[6]_h)l4*jgffl-r-5Cli:tCj;-:3T. tl-:/^^l/-r >A*'^ > 

■ttJ:<#e.n-g)o xtf>/svi/7'M^ fee 

(111) BElfil$-fr. *^-:3ffi[articfeit^i^S)|SitW®i8S 

[0 3 8 0] ■^Jx.tt'C o F e/C u/C o F e 

/I r Mn«ct5(CMn^S?SKttSiiCJ:0i^ft@*L 

ttTCueSTSStiCf St, MR!^tt*t^{fr-5oI«gtt 30 

C:©j;-57i^<t75^?> C o F e/C u/C o F 
e/I r Mnfj:i;CD^^fe#*jIoT. m7L\tUnti^C 

m\z\tm^m^^t \.xmjsi.-t^7tmttmmtim%\z 

[0 3 8 1] i/c, I r MnWck^tCC o F e tt&^^l 
PS«|g;0^*^-5;5?^Ktt]K^ffli/iS«^tCtt. CoFe« 40 
<i:^©±{Cfi^i^$tlS I r MnHi(DftlT;*:^;:t^-?^ 
^tl<&SfPTSfc*!c, CoFe/I rM 

n)lCO±(CI r MnWt&^KH^r^^iCffioB, f^C*? 
•6 1 r Mni:|lI@K©t&^WPil^feO f c c^S*ffi|Sh* 

fc. Xtf>A*;U>^McD»f^'t4*3«C»-r-5C:<i:75^*T'#-5)o 
[0 3 8 2] S?Sai4M©TilfeiliLTMR[Sl 
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»$fflt.is«^Tt). \d:ym\zw&mm'm:f)mr^ 

tf >liig75:ltT';^£ < > ^ R u . C r 

mt>is.^^. z.(Di:o\zR^w&.mtm.^'^io'^xm^^^ 

<i:#tt, S?SattMi:MRffil_h«!^)^*SiM.aiCJ;-DTllS 
(Ctef[Lfil^;ti6tc:. MR|^±BttS?^mi4JKi:#Ma?§ 
-e^S:?!)\ t>U<«IrMn. R u R hMnCC)J;^»^i;y 

- M n ikKmmm^m ^^tzt^ izK^mitmcDi^mm 
m.^^mzu^rcisi>iz. f c c ^mmn. h c p^mu 
nx$>^z.t^m^v\^\ 

[0 3 8 3] ^^BM(Dm^&mji^m^i>t. jr^aitfej; 

^r^nz. ^mmy^mm^mx'\t:^^>y^ 
^^tLxit±^r£{mzf£<hti.fy^::hti^i^m^n^. ^ 
t-rst. —mz^mm\tfm.ib^'h-^\^^ftit. ->r>h 

[0 3 8 4] ^mmit^»imhLxrzifM.rct^izitm 

feS WSi* ^ # ^ ^1 1 ^ , ^ b tcHffl 14 1 U 3 .•i^T- 
fcC.^tC^S \^Xti.-^tlti%<DX'&^. 

[0 3 8 5] ^^x\ ^mm/^mm^mx-^^§^m^ 
s^-r. z.z.x\t.mMm^^^n.'^-!^^y'^\}v\z^ 

iP^^X-S^ra^b-^-rv^o 03 6 {C^-Tdc^tc, 

y ju)v^m&^'h-om.^-h^^mm^m\z^tzt^\z. « 

(61. >0) «±;^Stsnsci{c;^cS, RItMpWT 

St^p«±^<75:'5. 
[0 3 8 6] 0 3 7*5j;tXB13 8{t, SStlKp«)7x;l' 
5i!E«A (p) iHWJKptgE-rSGMRI^7xJU5& 

SA (OMR) <hCDlt (A (OMR) /A (p) ) 

■ti^ib^i!s^^^o\z. ^wms.^m.t\^x\t^nu±n-fs. 
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(Ag) /cu^mx'mMs.^=^m:irm^MS.9c ^ 
mmizyjL)U3.^j&A^^w-mvtz^yyx'$>^, ass 

^^<i^A^^^olZ. Au (Ag) /Cu#ffiT'^)+^3-{C 

[0 3 8 7] Ji^±©;ii*^e., ^JSI^T-SltM^lffiRT 

(1) :7xJl'5jgfi/0tT^-5;tltSt:»^«]R 10 
T. (2) l^#MTCD|ajiS>%^ttAiiSl.i, tl.^^ 

5:^^tt5FBJT-fe'5o c::x\ mz (2) ^rSii.-r-i>J;o 
[0 3 8 8] (.2) ^m&-^^^l-^(7:>±^timUtL 

T. ^mm/^mmm±A^m^izwmmfjimmz$>^z. 
tAm'<zm^T'$>^o T=.-jnz^-Dxm^m^o:>miii 

® 7 X 71/ 5 i^S;^^ ^ ^ > h D - A CO :t 

yyyhT$>^ZLttm^V\,^. ^ft. ±mVft (1) 30 

[0 3 8 9] uiiroci*^^, ^mm/^mm^mx^ 

mKm»)»^J:Dmmm^z^\^m-r^.<Dmmvi(Dm§^ 

tbTli, MR[S]±)libTattlit#@?§?k#«)l$: 

•r^z.iix$>^o j!jp;^t. ■eajAt^jgaw 1 ®^t#Jtcit^ 

«£fi*^'Sti^ 2 ©^JSK 4 b ^EBt- -5^ i^iW^b 40 

[0 3 9 0] simmtvx-^^m^m^^^t. 
-mmiz^^tmrn-^^^^mfSiLu^mr) , i&mm^ 

izfs.^0 z.nf,tsiMmtLx^rcm'^i,z\t.^mzf£^ t 

$>^o z.oyjzotji'Bt^m^m^^^yj&itLx. -^^m^ 
mm^mr^ismzmi-r, m^iz-^^^f^^^^om^^ 
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l|IJ6Jg^{Cj3(t-5#a8tti«^«e<!:bTf^ffl-r-5) ® 

tti&mtm-^i^o^m-^L^^ox', -&^«^it^7u- 

[0 3 9 1] i^±©;ii;5^e.. 03 2. 0 3 3 43J;U:|g 

3 4{c^b/i;^tf>;\*;u:/M8T?«. SWlit bTffli^ 

^MR[fi]±B4(c. fiSttS (iSfiSHl) itt^HrgwM 
«^*-r^^ai^ (^#:S<]iCtt^l©#«M4 a) i&ffiS 

tt» mmmi) tt^Cxmmv. ^<b\z^^mtLx 

®M R |pJ±Jl 4 Sr1tiS:®^«J{g 4 a . 4 b 
J^ET^, ^^Ut±MR|Pl±)l4S^^S4 cTJ^^Kf S 
<i:^^^«^^*IfflbTli-5)» «fcc7)^ffi^4 a, 4b^ 
•^^H 4 c <7)«fiXM)N-H. WifibfcmtHca^'liTSS^ 
-r^, $^fC, «Jll^TMR|&I±)i4<&«fig-r-5«^. 
c:ne.CO^*.«^&fi75^'@l/i^l (Z)^«5:MR[P]±)14 

[0 3 9 2] ±mvrcim^si^Mizm':i<MRmtm 

wi^LtzJ^olz. yu-txT~—jymzis\.^xhU 

fcn-5fccDT$)^o c:n«MRf&]±)B4o?MiN-a^ 

J; 0 #® T cDt£«c^ 5 ^ ■> > id J; 0 nx V ^ M R 

[0 3 9 3] fiii. 'iimf^m\Z7f:Lrz (e) (73lifiXtCt> 
tt-S. C u/A gttBM«. C um*«T-««E[Hia*^;*: 
^Vifcfe. Ag)R*)K«B{rbT««{cTS'i:JcJ;o 

T, K^®T-®MffiSlt?>ll»*^l^l±ibfcfc©Tfc-i)o 
:^ ?S < ^ I ^ aiT «6 i ii e ^ tcSfi -5 © T- 

[0 3 9 4] MR©»f^tt{CSl!l^$f6»-rSMR|6]±H 

\zmwmmTtmm>tnimz-r^:inz^-ox. xtf> 

A*;U7'M8©MR#tt©[pI±{CW-^bTVi-&o C«J;-5 

izm^-f. m?iim3 9^m4o\z7r:-r^^iz, 

tt»6±(cHH«bfc«-& (MRIfi]±)l4B) 

JgEWfctSM^-fr-r. tffilEbi^c<tpJCI rMnfj:<i:7&^^?5: 
■5S?S«ai4)16±{cttfi!Bb;fc«iSo^«IK4 a. 4 b© 
®Ji^-^^^)l4 c;^^?)/i-SMR[nl±B4 B<&gaffi-r-5 
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[0 3 9 5] $b{cffi«e>#tt^)> ^^m^mf)m^ 

©i^-efe*:%BJtcJ;-& f c c^«Sfc«h c p^J»)^ 

[0 3 9 6} »|gc©^RIi4 a, 4 b«ltBM75>5,^C^ 

MR|S]±)l4B^S^$i^14)16±tCBEBT«>«-&. Au 

;^cC CD ^® X ; U ^ - /it /Jn $ V i e, ;i ^ 2 ® ^« 

T a fj: if b ^cC ^ 7 i ft T ^ i 5 (cSH«-r -S i . 
iJ-en^t^-STtisi). C ufi£d^e>;^j:S^ 1 »^SM4 a 
tte6±cDMR|6]±J14 B«> ^l«^fe«M4a/m2 

to 3 9 7] ^m\^t^iio\z.. ^«^^ip^wwJSl«^'&^ 

)i*^b;^t^MR|P]±)l4 Al±, C o-^C o F e ^^^cCi: 

tbT©CoFe^^*B©t&^^raSS*Vh$-r ^Sfc 30 

id. - 1 p Dmi&SA^ft<Z)K^i:AcC^„ — AuT 
ifeH^aiTttiSJK)! 1 iLTWC o F e^^fe^^«|&^ 

^. 

[0 3 9 8] ^intCjt^LT. Cu, Au> Ag. Pt. 
Rh. Pd> Al. Ti. Zr. Hf> Ir tS^ Siltt'tl 

«^^)I4 c7!)^?,75:-5MRfp]±B4Sr, ®BS)Bl<i:LT 

®C o F e^^WTifti-r-SClifCioT. Co-^Co 

Y e'^MiE(D(Zo^m.imV»!(r)i c c ( 1 1 1 ) KIp] 40 

$-ti-fc±T\ i&mmzMWs.^'^wm^ -r^c*5-&d (i 

1 1) *&^MRS€:0. 2 0 5 5~0. 2 0 8 5 nmWie 

iai-r^:ii*tT#^o igiJiglWTifettTCDMRIfi] 
±B 4tt. fcc-d (111)75^0. 2058n m J; 
0;^^Viil<i:75W^ d- (111) I^TWBi^rig 

Au-Cu^^li$rfflV^fe«-&. W»P[T«Aut 

cu (Dmmmo^mmit^m^^^ ^^MT-taAuicu 

[0399] Au-Cu ^^C^^flsWJ'iffifiR «. A u -zs 50 
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cu75~Au7sCu2s (M'f-x) <Dmmt-r^z.tAm 

Au-Cu^#¥ffiT;av^SJ»'&J;OSTAu 
U ■y5^;^i:|afiX. T/^C^^AuzsC U7s~Au9sC u 

[0 4 0 01 032, 03 3*5.1:0:0 3 4 mMM 1 

4(c*rj:'5{c. jgasi ^±«tbfcsteiijt(7)xtf 
>n;i/:riK 8 ^5^i t;1/X 1^ ;<> h fcf > A-;i/ 

[0 4 0 1] 04 l*5J;y:04 2 (C^-rXfcf>A';i/7'K 
8tt. «K9»^b)lHIC. #5Hi4Tit!;)l5/MR[fi]-hli 
4 /S?SffiStt« 6 /ffiS^tH*B 2 /I^JlttffrBDl 3 /!^ 
SSiS 1 /MR|pI±@ 4/^»@ 7 ;5t«)f $nfe«iS*W 
UT^>-5. 04 1 ttMR[Pl±)l4 tC-a-^)l4 c SrflaVife 
^JT^D. 04 2«MR|S0±)l4{Cl«igc©^feBM4 a. 

[0 4 0 2] m4 2izmvrz^oiz. mf&Mi tmT^ 
MRm±m 4 izmmm^mm-r^m't. m39^z^i^ft 

A^e,ti;s>m 1 (D^mm4 a ^mm^^ z. 

Se-^T, 04 2 iC^Rbfe!^^)! liiJ©MRr6]±W4tt, 
^1«^SM4 a/^2©^Ma4b/^l(D^«M4 
a ® WHIi^Tltfig L T ^ o 

[0 4 0 3] K^mm.o:>m-^(DK^m^m(DTm'y^MR 

l,tURm±mtJiLCOm-^-^. Xa, T i jl^<i;< 
fflVie>nSA->>:7TB±(cS9iaS14M*figM-rs, il# 

[0 4 0 4] Mte1«jt®Xtf>/\*Jl':/^8{C*5ViTt). 
igS^aiB Uc it U T±E b J: R |Bl±H 4 ^BEB-r 

^iliirioT. iffiffiSm iMR(nI±B4<hO|fBwa 

[0 4 0 5] tAid. ±aiLfc:Kte«)S©7.fcf>A';i.>*'M 
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MRfRl±ll4rt0^10^«fll4 a/m2 0^SJ3i4 b 

^m^^^ 2 (D^mm 4 h^m (042) -esit^^reci^ 

■&-5fc«T*0. t¥*S«i:LT^L.fc (e) ©«fi)cCD 
C u/Ag«)lM(Ci3l-iT. AgiKSffiT-Klt^^i;^ 
iiT ^ t) ® <!: tt^^Tj^'^fcC * o i: L L 

(d) «)«fi5tT-Aull«ffl(CTa^|«)g-rS<tSW^* 

[0 4 0 6] fiejfeSlfUiLT^Lfc (d) 0)mfS.T'it, 
fci:ACo-Au#®T-SltA^*^i;Ttife<i:L-Tfe 

fflcD:^§ /JN $ OfS: ^ 46 , KlN-5e!)**^*t# e> n-5 J; 3 

oT, Au/T a#ffi(C'R;;^TAu/C u/T a iViJ; 
ot'Ta ttt#S»©M«{ca&^CuM^:n^?£$-&7tW 20 

^e>ic, ffii^WC u)■*^a|^^^C o F e t Au tW#B 

(c}f A-r^;i<t{wj;oT. Auwi^attfrBW-^-ofiw 

[0 4 0 7] ±il!bfe«-*SgBffiJCt5t,iTtt, MR[Pl± 

m 4 ^mmm i -^K^^tts e ti^UTEB-r-sJi^tc 

ct3fC. !Sm»l^fi8{l:H««4|^(CBHMb^«^{Cfe 30 

[0 4 0 8] 04 3 C^itTXfcf >/\"jPy]^8 (C*Dt.iT, 
1 N iFelilatCoFelilbttC 

cfcD1ifi!c^nT:feD. ^ne.©W«cmo#«)il4 a. 
4 b(D«)lM75^5>fe-5MR|PlJiH4 7)^*^ffi$tlTti^<. 
NiFeJllatCoFelllbirtJ. MR |p] JiH 4 

i F 1 a/C o F eH 1 b^ffitCiSg#i:#^@j§©M 
R[Bj±)14S}f AT-5«-&, NiFeHlaiCoFe 40 

fi^iOT, mx-r^uRm±m4\tn<Lfs.»niii^ib 
[0 4 0 9] ±mvrz^mm^m<Dmm.^mj)mm=f- 

(±, MA-itm 4 4^045 (C:^-r J: -5 i^Cilff^J-^SfiSm 
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iSMiatrLs;)*s^ttfigi^'\-y HICKS b-r, a^is^si)* 
(MR AM) ttE<D&^m^mmizmm-t^^t 

[0 4 10] 0 4 4iiJcUC@4 5«. *^0JcOSS^gtr[ 

[0 4 11] ;in^CD0(C*3ViT. 2 1 «A 1 2 O3 )■ 
SrWr^A U O3 • T i CSmi:®a«T*So Z. 
(75J:3;^t*|g2 1 CD^afflitCtt, NiFe-^^, Fe 
S i A 1 C o Z r N b ^^fi if CD|iCffiS14*t 

m^^ti.^ Tmmn. -> - f s 2 2 ^s^'j^kk ^ nx v ^ -5 . 

Tfi'M^->-;UK«2 2±(ctt, A 1 O3 /Jii'ro^fiStt 
^S^M*^:<i^e>;^£^TffilW^a^^'\'-y^2 S^^bTX 
tf>/SVUyGMR]^2 4*^'J^^$nTt/i^o ^OXfc!> 
/N'JP:/GMRM2 4i:UT. mraib^^c^^MJ^fficoX If 

[0 4 12] 04 4tc*5tiT. ;^t;>;vi/:rGMRJS2 

tlTVi-5o C«J;575:Xlf >/N*;1':/GMRM2 4CDX-y 

-:x5i5«^i-ffiij(c«. ^n€^nx If >a*;i/>^gmr]^ 2 4 fc 

^nxti^o -^fWA'-f TXa#E[li)DM2 5tt, Xt°> 
/\*;UyGMR)K2 4<7)X-y>?a5t7A*<;/ h^-^LTV^ 

[0 4 1 3] -*fcDA--l'TXSSIIEnjB]^2 5±tClJ. C 
Au, Zr\ T a;^t<i:*ie.;^i-5— ^>t®«112 6/{)^'J^ 

fijt^nxvis. xtf>A';i/:/GMRjK2 4{c«, — 

W®2 6*^e-fe>x«85t:^^^i^$n^o ^:ne.7.fcf>;N' 

;i.y^GMRJIi2 4. — ^^®A'-f 7Xa#!?IJPS»2 5 

*f ®«® 2 6 tt. GMRS5fe«^g62 7&«^LX 
GMRff^m^gP2 7tt. ±aibfe<J;p{Ctifc«0 

[0 4 14] 04 5(Ci5liXtt. X fcf 7'G 

MR]li2 4<»:Tffl'JS^ii&m^^>>7'2 3 t®PBl(C. 

{c A'^ Txj^i?.^EnjpT-5-*f©A''r Txa#En*pM 2 

5A^'m$nxi/i-5.o :i«©-^Jt«A-r7Xi^#EnjllDM2 
5ttm^OW^^t)oXEe$tlX43l9. ^0±{CXfcf 
>AJl/:/GMR]SS[ 2 4 h 7 >;/ ^ ®^ffliJgP^*tS{Jl 

J^^$nXli-5. Xfcf>A;i/yGMR]^2 4«, 

sssp{c^?>-^^n^-'nA--rTxa#Epj!inJS2 5±{c«g-r 

^ icilcLXfcJiVi. 

[0 4 15] Xe>A*;U:/GMR]K2 4±tCtt, 
flS2 6*t}^figSnxti-5. Xlf >A*;i/:7GMRIi2 4 

J;oXM^snxt>^. ::n^xt;>A;i/>'GMRM2 

4. -*f«AW7XSgilfSI*Pl^2 5*ckt^-jt#CD«S2 
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[0 4 16] 04 4*3J;O;"0 4 5 (C*3ViT. GMR|f± 

M^m2 7 ±.\z\t-Tmn^m.n.^^ -y ^2 3 tw\mu^^ 
-5.±#M»->-;uh')i2 9 75^'jg^$nTi/^^. cne,# 

[0417] mm^v K t LTSmiKM^-;/ K 3 1 tt. 

2 9 <t*a«astt«(cio«fiR$nTti-5, v-;ufs 

GME'v^y F3 0CD±ffi'M^->-;L'Fe2 9 «. 

^^•y H 3 1 (nTmmmmm^m^x^^^. 

«->-;i/HJSS«^^T#JfH®m2 9±(C«, A 1 O 

ckOf^:^ffi(c«. T#Ji£^5aS2 9i±#JE^iKffi3 3 

[0 4 18] ±aiLfcS*fe-^-7 HiLTcD->-;Uh*^G 
ME^y H 3 0 <i:IE®^-y H i: LT»J!iaM^>y H 3 1 

Cl»J;-5;^®SiJ-«IS«S^'\<y F«^>;/ FX^-YytCli 

(CjgiJ^n-S. S4 etc^-r^M^-y Fy-yir>7*U 6 
0«. ^JxtfK«3-f J^*«ftp-r'5.3J^t'>gB7^d;i:^Wr 
-2)T^'^:lX-^S'T-A6 1 Ti'^^jLX-^T 
-i=.6 1 O— ^lC«-9-X'^>->3 >6 2*ij*M^nTV^ 

[0 4 19] -t^X^>>'3 >6 2CD5fei?g(Ctt. iidiLfc 

-r 3i^6 3 75^'^t9#^t?>nTVi^. ■tl-X^>->3 >6 2 

tlTl^^. BI4»6 SttfiSM'N-y FT'yfe>7''J 6 0®« 
[0 4 2 0] croJc^T^ca^'v-y F7>>'-fe>:7'U 6 0 

[0 4 2 1] aM^^-cxi^s lttXtf>F;i'5 2»Cg« 
7-y-fe>>''J 6 0«. itX'^>->3 >6 2(D5tSg{cBlO 
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^-fiS^e 3C0!«#:M[fi]M (AB S) itM^y'^ Xi7 5 1 

(Dmmt)^imis.o)m±m (oii(±i o onmiitT) 

[0 4 2 2] fiSM'Vy FT<y-fc:>:/U 6 OOT^^^^X 
-^7-A6 1tt. 'JnT^-:57(Z)iaTfe-57l^'rXll 
'r;l/^:-^ 5 3 tCfti^$nTV^-5» #-l'Xa-l'JU^-i5' 
5 3tt> 7i75=-aLX-^7-A6 l«»5}^t:>g|l{C#^± 

iS'S 3(Cj;OlilteiSft75iea{CT^SJ:^tC;^oTVi 

[0 4 2 3] ;^j:*5. iil±©^S£^^^T«^miiSffiSM 
^ y F&fflViTittg«Lfc*^\ IB»'s-y F<hf?*^'y FT 

20 tecD^-y Fitjg{c*5§0j«fiiMffifeT:^**^*jaffl-r^ 

(ia^'v-y FfcRSe-r, ffiSMffitr[?4*>(^'J (MR A 

i^mmi) z-oymMmix^t. t& (snm) /au 

(inm) /Cu (1 nm) /CoFe (4nm) /C 
u (2. Snm) /CoFe (2. Snm) /I rMn 
(7nm) /Ta (Snm) ^jgOX tf>A';i/yM*. 
30 DC-r^^huyxny9\z^r)^^\^rz, 0mm(DM 
X 1 O-^To f f ii(TT\ 7JI/zf>|Itt2~ 1 
OmTo f f iLfc. »««^S?{tvU=i>S«S:ffll,i 
it, ^Ci5. <tSM^-y FC9f^MB#tC«. 7)l=}-y^mm.± 
CDAI2 O3 ^^«y7^±CfieM-r-5C:<i:iC7iS;*^. 

[0 4 2 4] ±EbfcXt°>A';U:/Mtt, a s - d e p 
oi^ffi©MRS{t*^^'9. 6%-e. 2 5 0\:x 4H(7)7' 
D-feXTX-;|/ (7x-;P^^!ti : 2 5 0'CX4H. a« 
SkOe ) ftlC*5ViTt>MR^fWtt9. 0%^*|jtL 

[0 4 2 5] eiClT, MR[pI±JittAu/Cu«SMT 
a&O. AuiCu(D^®tt-&^S:JgfigbTli^, Cut 
C o F e CD|fStt|^H^;^tWffi-C*-l>. TatAuliB 

mr^^mx'$>^f)^, Au/cu7)^«^jSS{3jt-<T+ 

50 ^MT^CT*50. :ic:{cHigM#tcafe-S#ffi*<#ffiL 
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TViTt)roWcCl'i. f c cm'^COAuyCuTi&m<D$J) 
HClctoT. CoFe«fcc (111) B2rRlLTt>^ 

mz. CoFeWd (1 1 1) X'<-v>^^CD;*:^$tt 

0. 2 0 7 4 nmtmmmizh/i^-^ts.{mzMm^nx^^ 

[0 4 2 6] eiollJl^s i<D7.fcf>A';u:/M^WfBTE 

M(Cj;Offi^Lfco "toy^^^. Au/C uTtfe-htCC o 
Fe/Cu/CoFe(7)GMRa*aL--y hg^^i-^nM 
^«-rognVitC«t*J^fiLT*5 0. fee (111) 

CoFeIlg|55i-«'V-f ^a-r'<'7 5i7v'3>Tii. fc 
c - d (111) X^-'>>^(D±^-mO . 2 0 7 4 

nmtmmmzh»mf^mzfj.-DT\^^tz. ^^iz. z.<d 
7.e>A';p:/MwxRD/t^— >^04 sic^T. Xi^ 

[EliffTt)C o Fe«fcc-d (111) X^--z^>if 
t^O. 2 0 7 4 nrnT'Sb^^it^^^t-'^. 

[0 4 2 7] tiH. 04 S^XRO-^O^T-f ;KC*3t.i 
T. 2, 3«I rMntCffl^-r-Stf-^T* 

0. t°-i7 4ttC o F e/C u/C o F e^WUM® f c 
c (111) tf— i^t^A^n. SaHO^cDd -X^ 20 

4 © d - X '<—->> SrJSfiSB © d - X i^M 

[0 4 2 8] ^rnhfcAu (Inm) /Cu (Inm) 
TftfetC-RiAT. Cu (2nm) ^j^ffiT/il^-S <t C o F 
e©fcc-d (111) X^—zyyiTitO. 2 0 5 4 
nmt/h$<7iD, «^S«M#J(C;^# <;^c^„ — A 
u (2nni) $:^a-efflt,i;g)<i:C o F e® f c c - d 

(1 1 1) X^-J>>i^«0. 2 0 8 6 nmi;^^</j: 
0, aSttiEffl!Uc:*:^<75:-5<, ClK>J;5{CAu/C uT 30 
l&^m^^^ZHzJ^-oX. ^lsf)Ttti-mt£0. 2 0 7 4 n 
m (75 X ^— -> > i^7)?f# 6 n -5 o 

[0 4 2 91 fife. t^*ii«T'5^bfc (g) (Z)1«fi£©C 

u M±Tttf# 5. nfj*^ ^ fc wi^tt*^ A u / c u mmm 

T#bnfcl:3®SH<tLT, j^^tCfeJ^#LTl/i^*& 

<fcCO. I r Mni<Z)|fMT©1S^^S^*i;*:^<fiO 
ii*-75^::*:€<fd:^, CO^^^>^t;*:#Vitt^T7'D-feXT 

ab-5o J;oT. ;i®:^St±I r Mn®M»*WViH£g| 
tc:^*^ Au/CuTJ&©*75n rMn© 
^^KPiiifil/^Tt*. ■?-®±(C««$n^C o F e/C 
u / C o F e t^miiZ I r M n {Cjfil^lS-^Sic® 
tfiO. 7:n-jp{cJ; -5 S^MfD ® ]^»75>*/J^ $ < fi -2) 
U^^mo) (h) <D«fiKOAuTJ«0 
iS^lC^^fflH/O^'/A-r*, CoFe/Cu/C 
o F e®^^x;^'^;U4^-;5t;^#<fj:l3-r^'T. 
C0X't'XD'5r-->3 >j{i^*^U;^-r<fd;f3. 15)^87-— )U 
*{t;6«^i:Tbi5. Au^tCoFe^t$-jlJg?gJl 50 
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-rst. AuH^^'igftfe^fCtlJoT^atttffflllWCu 

« (c A u ;5^*gJST ^ t M R Ig^t* « i: fi ^ tC/jN $ < fi 
-5.. ;intt*»IWiitttC:^#bT<^. tC^^^. Au 
/CuW/IMtC-r^dtiCt-pT. Cu/i;0^*Aul£M© 

[0 4 3 0] TtfetLTWT attAu^-i^TcMfCfigfi 
$ i± -5 fc $5 tCj^gfi/N* •^■7t)1T-^^o Au$T^J1/7 
rXAU O3 ±tca^fig^bfc«-&tC«. Au;&^'7-Y 

?Si^ttWi^^©^S. H.nOm^JgHtfj:^. *fc, m 
^.©^TT«:/D-fex^«fcS1S±^©fiKlKifj:^fc 

si). ^^LTfigM^ff e'fcse){cA*-y 7 7mt^'^-mx$> 

^, HClTttTa^&TtlfelfitCfflViyS:*^*. Ti, Zr. C 

r. w, Hf. Nb, fcL< «cn^.$-^ty-&^. iin 

[0 4 3 1] Z.(DJ:o\Z. (f) ®ct^ 

Au©TftMi<hLT-&ff2 2 0 nmfeCDJl^ffltifj; 

T-r 5- > HfiXfi^l*tf¥fifcCM*E*f#^ iTi^T'^. 
-e©J:(C^M$n-SC u/C o F eMOlf-BfcspjBifj; 

Sfc. 3 5 O'CfeOiiSSW^Ma^f -Si^SfefJ: 

V^o «jgfj:0«2 7 0'CX4H@SW^ffla^^f^;ii: 
T$)0. «feffi^t',ilttt*«t?fc:l^ffi$?^i5X'^-5;ii:*^' 

0. m^m^^<inx\,^^T^mt<Dm^-tt:>'inz^r)^ 

[0 4 3 2] Sfc. ^JSttTitfelltLTT i (5n 

m), Zr (5nm),W(5nm). Cr (5n 

m) . V (5nm) , Nb (5nm) , Mo (5n 
m) . H f (5nm) . i3 ir/Ctl?) (5nm) 

srffli^fcJi^tcfeviTfc. mmtm^m^'itifz. 

(C, MR[p]±Hi: LTAu (0. 5~2nm) /Cu 
(0. 5~2nm) . Au (0. 3~lnm) /C u 
(0. 3~lnm) /Au (0. 3~lnm) /Cu 
(0. 3~lnm) , AuCu (0. 5~5nm) /C 

u (0. 5~2nm) ^rfflV^Tt^-^tCfetiTt). llHtfj: 

^*75t#^nfc. 

[0 4 3 3] z.(D^oiz, MRm±mit2m-f}^^mf&^ 
±#s-&-5^»D7£^*^jpAenTv^75:v>«^{c«, mm 

T^S^ltTi^'MSL-t/^, L/O^L. TittbT f c cga|6] 
^•a-^ V— H8!;St>fj;ttntt'fj:?>fj:Vi«T. MttJlOT 
fCteMf -5«^OMRlSj±S®mffi:LTtt2~5 nm 

[0 4 3 4] ±m(DAu-Cu(Dm.^-^i:>'i^£l^<Dmm 

^^fe©t#tC«. Ru-Cu. Au-Cu, Pt-C 
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u. Rh-Cu, Pd-Cu, Ir-Cu. Ag-P 
t. Ag-Pd, Ag-Au, Au-Pt, Au-P 

d> Au-Aitiiitimifiti^. z.n'E>(Dm.^-^t:>-^ 

u, Au. AgCDI/iT'n?5^TS.-5o 
[0 4 3 5] bT«. A u - C u «J»^CDh& 

u-CuOt^tlSimTabO. ^3<Z)^j!J07C^75t^c(/i« 10 

[0 4 3 6] C o*©i:^(Dii(.±CDffl.^^-&t)-B-(7)-5-5. 

^■r-5*a*^fc-&C0Au-Cu, Ag-Pt. Au-P 
d. Au-Ag. P t -C uT^cifTS^'i^tcaSLlio 31 CD 

[0 4 3 7] ±mo^mmmticu^(Dt^t^<mm 

T. Au-Pt. Au-Pd. Au-Ag. Au-A 
1. Ag-Pt, Ag-Pd, Ru-Rh. Ru-I 

Au, Ag, Ruwi.i-rm^T'^^0 m«fi)t, mm 
\zm\^x\-i.±<mwn$>^. 

[0 4 3 8] $f.tC. MRfolJiH^Jg^-r-g) 2-3«7t* 

A.^tm.'&mti^cojkm.'^mnm^^zu. cu-ru. c 

*#:^J<h bT, NiFe, Ni fcCr, NiFeN 

[0 4 3 9] *7tt;>l^«fiK<hLT. Z.:ZX\t^m.\ZK 

l^i, m?^<<t\iymmfS.t\^T. CoFe2. 5nm/I 
r Mn 7 nm©'f^;^T. C o F e 3 n m/R u 0 . 9n 40 
m/C o F e 3 nm/ I r Mn 7 nm. CoFeSnm 
/CrO. 9 nm/C o F e 3 nm/ I r Mn 7 nm;fa: 

[ 0 4 4 0 ] PtMn, NiMn. Ru 

RhMn. CrMn. FeMn, N i 0;^j:t*©W*4Tfe 
fcf>BttWSCoTfcN i F eTt>«*D;S: 

[0 44 1] iHHUfc^iKttTJftBttT a /j:<h*ro^fe«M 
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mm\z^BtmmM^ibnrz. mr[6]± 

TaO, Tifi/MR|p]±)i^ffiTSM$-&^Ci75^*1: 

TaO, T^Ji±lCitj^CoFe^^Mt-.5t f c 
c (111) m^X^m^^tz^ , ^fcfiSSWfcM^LVi 
fcc-d (111) X'^-->>if«f#enfii/>, d^a 
t^LTTaO, /Au/C uTi*tt*fflttiCftn-5fc 
(DX$>ho TaO, (C'Pc;lTT i . Zr, Cr> W, H 

f. nhts.aaymim^m^'^^^t'hx^^, T 

iN. TaNCOi^/jgfti^Sfflli^CltfeTe^. 

(II)56^J2) :i«*)!ig^J2T«. Ta (5nm) /Au 

(Inm) /Cu (Inm) /CoFe (4nm) /C 
u (2. 5nm) /CoFe (2. 5 nm) /I rMn 

(7nm) /Au (0. 5 nm) /Cu (0. 5 nm) 
/Ta (5nm) «jt®X tr>A*;i/y|i[Sr, HM^^J 1 i 

[0 4 4 2] Ji#JODMR|nilJiBtLT<DAu/Cufl|g 
CoFe/Cu/CoFe«PlKO:fe 

^^fcJ;0 I r Mn(Cjfit,i;ti6. IrMnJhICAu/C 
\immm^mfS.'t^Z.iz\Z^-DX. I rMnO^^^^I^ 

•SdiTjiT-^-So Au«*««iK©TaitTlcgEB-r-5 

i:, AuCDJ:'5fd;S®ix:r^;U^— CD/jN^/iS/i^. T a © 
J; ^ ti^^:x.^)V^-(D:k.^ti.m<DUTiz^^-t ^ z. <t 
(CtS-S©:^, Au*iTaa®'v&«cL.^t-<. HWf^S 
^tt*^'^{fr«>o J:t3T, TaitTtC«Au^Ag>^<!: 

m^^i^xT a^mm^mi$.t^i^^7f)m^v^K au 

C u^^gT=bl^«^i:^()**t»&n^o 

(l^]!S^J3) C®IIJ!ig^J3TtS. Ta (5nm) /N i 
CoFe (5nm) /Au (Inm) /C u (Inm) 
/CoFe (3nm) /C u (2. 5 nm) /CoFe 

(2. 5nm) /I rMn (7nm) /Ta (5nm) 

mrk(Dxi^y/vi^m^. mmmi tmm\zi.xf¥mL 

fco dCD:5;fcf>A';!/:/M(c4DViT. !^aHttAu/Cu 
mf)^^tE-^nrzN i CoF e (5nm) tCoFe (3 
nm) tO«JSJKTfeS. 

[0 4 4 3] 2|5:5!ia<i:(©Jt|!^«iiJiLT. Ta (5 

nm) /NiCoFe (5nm) /CoFe (3nm) 
/Cu (2. 5nm) /CoFe (2. 5 nm) /I r 
Mn (7nm) /T a (5nm) filitCDX fcf >A*;U:/M 

[0 4 4 4] ltK0iJCDXtf>A')l/>*'lK«. as-bep 
oTMRlE<L^8. 6 %Ta5ofct)0/i^\ 2 5 0'CX4 
H(D-fa±XT~-JUmz\,t6. 6%t'^{tL. '-^Wl^ 
\%2Z%\Z%m\^tz.. iinttCoFe tN i FeC r*i 
mm%.Xh^tz.^. a s - b e p oai5gT«$Ht'C o 
F e/N i F e C r |fffi-e5+->>y-a-r(CMR^{l:^ 
Ti^TTli^. 2 5 0'CX4HgSO7— — )U$- 
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not. CoF eXN [ F eC r ^m^^^^lZ^LtlXL 
::n\tz^^>hit<Drz^\ZN \ F e\ZC r^4% 
g^^i]Db;tN i F e C r •^(Dl^mtz'A^s N i «. F e 19 

[0 44 5] mmmso^^vizAnycummm 

A-r^dttCct 0. Co F eStN i F e C r 
SPgT8. 7 %T*o;"ct)CO;^^\ 2 5 0 t: X 4 Hc7:)7'd 

nfcc z,n\tAuxcumx\zj:^w:mm±<Dm^ti. lo 

T. CoFe;ichC0^®SMJi!l«75^7--;W*Tfeffi;t 

[0 44 6] Au (Inm) /C u (Inm) \Zi^A. 
T> Au (0. 5nm) /Cu (0. 5 nm) > Cu 

(0. 5nm) /Au (0. 5 nm) . Au (0. 3n 
m) /Cu (0. 3nm) / A u (0. 3 nm) . Au 

(0. 3nm) /Cu (0. 3 nm) /Au (0. 3n 
m) /Cu (0. 3 nm) , AuCu (0. 5 nm) / 
Cu (0. 5nm) . AuCu (Inm) /Cu (0. 
5nm) . Ag (0. 5 nm) /C u (0. 5 nm) . 20 
Cu (0. 5nm) /A g (0. 5nm) . Ag (0. 
3nm) /Cu (0. 3 nm) /Ag (0. 3 nm) , 
Ag (0. 3nm) /C u (0. 3nm) /A g (0. 
3nm) /Cu (0. 3 nm) . Pt (0. 5 nm) / 
Cu (0. 5nm) . Cu (0. 5 nm) /P t (0. 
5nm) , Pt (0. 5nm) /Cu (0. 5 nm) . 
Pt (0. 5nm) . Pt (0. 5nm) /Cu (0. 
5nm) /P t (0. 5nm) /Cu (0. 5 nm) , 
AuCu (0. S--!, 3 nm) Ut^m^^Tzm-^lZ 

t). mmr^^0)^m%^nrz. 30 

[0 4 4 7] t;.^. ^2CDattBchbTN i F e C r ^ 

m^^rzm^^t&L'V(Dmox^$>^o n i f e t^c r 
c rmnmzj:^mmx^iiEMiz±^-r^o)^n^^rz 

N i tF ecr)ttmtm'M(D'\iam^m.f^X'&^. N 
i : Fe = 8 1 : 1 9J:Dfc^UN i y^lzT^^t 

mz. Ni8oFe2o> NiFeNb. NiFeRh^jii: 40 

(mmm4) Z.(Dmmm4X^\t. Ta (Snm) /Au 
(Inm) /Cu (Inm) / I rMn (7nm) /C 

oFe (2. 5nm)/Cu (2. 5nm)/CoFe 
(4nm) /Cu (0. 5 nm) /Au (0. 5nm) 

/Cu (0. 5nm) /T a (5nm) ^giio;^ If >A* 

[0 4 4 8] :i(^jlJg«?iJ4tim{l:@««75^*#att4'P«1ll 

-V&^o ±eODCu/Au/Cu)lttMRfn)±HT* 50 
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0. iJl^tt. MR^fl:*SfP]±$-frTli'5o TffiyOAu 
/CuBttl rMnOTtfiMlC^SioTl'^^iil^B^tC. I 
r MnCOt&^-^^S^^fCffiOili^^rf ^MR[&]±I1T 
$>'5o ;1CDM<7) a s - d e p oTOMR^ft^m 0 % 
2 5 O'CX 4H(7)T-— ;MtCDMR^{l:*^i9. 5 
%X$>^rZo Cu/Au|fffi«AuCu^^S:?|^^bT 

[0 4 4 9] Z(Dmmm4(D±m(DT ai(t{^mmT& 

V^o e:o||Jg0y4Tt5C u/Au/Cu/l3^>*MRlPl±M 
T^^-Sc^T, CoF e/Cu^ffl*5cfct>Xu/Au^® 
(feb<«AuCu^^H) TSIt*e;i$i±^feCOT 

(d) cD«^t^^?Bb75McS?^^t)CDTfe^o ^^f::. 
ffi^COCuH^Co F e/Au#M{Cjf AbTl/^^fc 

AucD^att^-PBiii (Cu) -^(DmmmuiAm^m 

[0 4 5 0] Ji#JcDMRfp]±B<^bT(?:)Au (Inm) 
/Cu (Inm) (Cf^AT. Au (0. 5--3nm) / 
Cu (0. 5-'3nm) . Cu (0. 5--3nm) /A 
u (0. 5'-'3nm) /Cu (0. 5nm) , AuCu 
(0. 5--3nm) /C u (0. 5-'3nm) . Cu 
(0. 5'-3nm) /AuCu (0. 5~3nm) /C 
u (0. 5--3nm) , Ag (0. 5'-3nm) /Cu 
(0. 5'-'3nm) . Cu (0. 5--3nm) /Ag 
(0. 5--'3nm) /Cu (0. 5--3nm) , Pt 
(0. 5~3nm) /Cu (0. S'-^Snm) , Cu 
(0. 5-'3nm)/Pt (0. 5 — 3nm)/Cu 
(0- 5--3nm), PtCu (0. 5-'3nm)/C 
u (0. 5~3nm) . Cu (0. 5 — 3nm) /P t 
Cu (0. 5-3nm) /C u (0. 5 — 3nm) Uii 

^m^^^fzm^iz^. mmrjin^f)m^nrzo 
[0 4 5 1] ^tz. m(Duniz'z>i^x\tmmmi<Dm^ 
(Dmn'f)m^^^n^o ^mm40)y^j-m(7:>±mizmm 
^n^MRi^±m\tiy- \^^j}m^t£^mt'^nt^i^rz^. 
mm\tinmmmzm<i^Thmt>u^\ tztzv. m\^^ 

mr^rzii>. 5 nmi^T^^^^aSUl^o 

[0 4 5 2] s,^mitm(DTmiz$>^MR\^±m\t. k 
miW(Dii^i^mm^m!mwmzhx. t!>c o f e 
Kwm.o^wmxcD^^-^m^izumr^m^^^^^ 

mmmmzum't'^z,t\z^^x. e>#tt@^^t>|pi± 

±li«hLT> Al-Cu, Pt-Cu. Rh-Cu, P 
d-Cu. Ir-Cu. Ag-Pt. Ag-Pd> Ag 
-Au, Au-Pt. Au-Pd> Au-AK Ru- 
Rh. Ru-Ir, Ru-Pt. Ru-Cu> Ag-A 
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[0 4 5 3] m^(DK^^mitmizm\^rzMRi^AimtL 

T\t. Cu. Au. Ag. Pt. Rh. Ru. Pd. A 

tD;^cCV^o —WtLXT a 5 nm/AuCu 2 nm/I r 
Mn 7 nm/C o F e 3 nm/R u 0 . 9 nm/C o F 
e 3 nm/C u 3 nm/C o F e 1 nm/N i F e 5 n 
m/T a 5 nm}ic<!f?&^fe^o 

[0 4 5 4] ^fz. TaffiffiMJCftAT. Ti. Zr. 
Cr, Hf. NbUil^m^^tzm^lZ^l^^T^mm 

(*Jg^J5) ilCD*]!fe^j5T«. Ta (5nm) /Au 
Cu (2nm) /I rMn (7nm) /C o F e (2. 
5nm) /AuCu (2. 5 nm) /C o F e (4n 20 
m) /AuCu (2nm) /T a (5nm) mikCOR^ 

Tffl(?)CoFe^ (ff^fCH*)!) <!:±#J(7)CoF 

[0 4 5 5] Ste«it<7DXt:>AVPy]^Tii. Cuf.£i: 
;0^^;^j:^#NiKtt4'PHlIi_hfcffM^n^iSfi^gco f c c - 

d (111) ^'^/\^^<f^o. mm^^±^<r^r:>Ti.^ 
Oo zitiizMLT. ::(Dmmmb<D^o\z. i^m^^m so 
mx^&^tmmizMR\^±mx^&^A\icu^^m±iz 
coF emMm^mmmf^T^ctiz^-^T. coPe 
^ajicofcc-d (1 1 1) x^-iy>if^m&m& 
izm^^^z.t^i'v^. zin\zjzDmmm(Dmm^^m 

[0 4 5 6] tZL^X\ Au C u^^/6^5>7i^#^tt4^ 
PsIHTii. Co F eSch(Z)^®T(DXt:>tt#Sca:^^X 

nmm<Dm^\zit^x^^i&TL. MRmtm*m'fi& 

TT^i^^m^&^o z.cDx^r^}^mm^^mmizm 

;^^^Cu (0. 8nm) /AuCu (0. 8 nm) /C 40 

u (0. snm) mmmr<^^^i&m-r^z,t'vm^'r^ 
[0 4 5 7] c(Dj:ou4^m^^mmx$>^tmm\zu 

R\^±mo)^m\t. ;Kte«jgcoxif >AVI/y]^{;:ISb 

±Ji*<^fflLfc^J<!:UT^l. Ta (Snm) /AuCu 
(2nm) /I rMn (7nm) /C o F e fiS^tS^H 
(2. Snm) /AuCu#iaEtt*me«MRfp]±)i 50 
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(2. Snm) /CoFeigfiSH (3nm) /Cu 
(2. Snm) /CoFefigftH^B (2. Snm) / 

I rMn (7nm) /T a (Snm) mm^^m^f^tl 

m'^(DX}z>/^)vymz4m^^mmmuR\^±m 

^^f^LtzmtLXlt. Ta (Snm) /AuCu (2 
nm) /CoFe (4nm) /Cu (0. Snm) /A 
uCu (0. 8nm)/Cu (0. 8nm)/CoFe 
(2. Snm) /I rMn (7nm) /T a (Snm) 

[0 4 5 8] taid. KmrnmoDx^y/vi^mi^^uy" 
a.Y)ux,u^>h^^y(Dxlf>/vly'm\zi^\^^x I r 

M n T^cC ii<DK^m^mcDTm,t LXm ^^fzA u C u BO 
?;S«?^j;c!i(cj:D, C o F eigSeSBco f c c - d (11 

mm \z ^t-^mr^ cumun ^mmr^ zl t t^x^ ^ o 

[0 4 5 9] >A*;i/yM*5j:lX5^:iT;i/ 

x.u;<>h^-iy<Dxif y/v\^y^m(Di&(D^i^m ^lx 

Ta (Snm) /Au (Inm) /Cu (Inm) 
/I rMn (7nm) /CoFe (2. Snm) /Ru 

(0. 9nm) /CoFe (3nm) /Cu (3nm) 
/CoFe (4nm) /T a (Snm) , Ta (Sn 
m) /Au (Inm) /Cu (Inm) I rMn (7 n 
m) /CoFe (2. Snm) /Cu (Snm) /Co 
Fe (4nm) /T a (Snm) . Ta (Snm) /A 
u (Inm) /Cu (Inm) /I rMn (7nm) / 
CoFe (2. Snm) /R u (0. 9 nm) /CoF 
e (3nm) /Cu (3nm) /CoFe (2 nm) / 
NiFe (2nm) /T a (Snm) . Ta (Snm) 
/Au (1 nm) /Cu (1 nm) / I rMn (7 n 
m) /CoFe (2. Snm) /Cu (3nm) /Co 
F e (2 nm) /N iFe (2nm)/Ta (Sn 
m) , Ta (S nm) /Au (Inm) /Cu (In 
m) /I rMn (7nm) /CoFe (3nm) /C u 

(3nm) /CoFe (3nm) /Cu (2nm) /C 
oFe (3nm) /I rMn (7nm) /T a (Sn 
m) . T a (Snm) /Au (Inm) /C u ( 1 n 
m) /I rMn (7 nm) /CoFe (Snm) /Cu 

(3 nm) /CoFe (1 nm) /NiFe (2 nm) 
/CoFe (Inm) /C u (Snm) /CoFe (3 
nm) /I rMn (7nm) /T a (Snm) . Ta 

(Snm) /Au (Inm) /Cu (Inm) /I rM 
n (7nm) /CoFe (2. Snm) /Ru (0. 9 
nm) /CoFe (3nm) /Cu (3nm) /CoF 
e (Snm) /C u (Snm) /CoFe (Snm) / 
Ru (0. 9nm) /CoFe (2. Snm) /I rM 
n (7nm) /T a (Snm) v Ta (Snm) /Au 

(Inm) /Cu (Inm) /I rMn (7nm) /C 
oFe (2. Snm) /Ru (0. 9 nm) /CoFe 

(Snm) /Cu (Snm) /CoFe (Inm) /N 
iFe (2nm)/CoFe (lnm)/Cu (3n 
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m) /CoFe (3nm) /Ru (0. 9 nm) /Co 
Fe (2. 5nm) /I rMn (7nm) /Ta (5n 

m) UEtm^-f^n^. iEbfcAu/CuTtfeiC'RiK. 

[0 4 6 0] teO«ji^J^LT«. *«/Ta(5nm)/IrMn 

(7nm)/CoFe(2. 5nni)/Ru(0. 9nm) /CoFe (3nm) /Cu (Snm) /CoFe 
(2. 5niD)/MR(Bl±)i/CoFe(2. Snm) /Cu (Snm) /CoFe (3niii)/R 
u(0. 9nin)/CoFe(2. 5nm)/IrMn(7n[D)/Ta(5nin);5i^tf e>n 
€>, ^lO^itTttC o F e/MR|Bl±B/C o F e*«:7 10 

[0 4 6 1] Sfc. ±j2liLfc^llM^J-e«S^fiSttM{C 
I r Un^mmi^tim\zH^^xmm\^tz-t)^, NIMn, 
PtMn. PdPtMn. RuRhMn, CrMn, N 

[0 4 6 2] ^<b\z. ±.m(D^oi,zm.\tmmm\zm?L\-s. 

CoFe/Ru/CoFe/I rMn, <D^ots.K^M. 

[0 4 6 3] ■4'rBWS*:%0J<73MR(S]±)li 
-r^^<i:7:(^'T:^-S)o ^J;^«CoFe (2. Snm) /A 
uCu (1 nm) /CoFe (2nm) /I rMn 
§SfiS14;<7<yyj >;^) , I rMn/CoFe (2nm) 
/AuCu (Inm) /CoFe (2nm) 
*-y7'U>i^) /iifT^O. SfcCoFe (Inm) / 
AuCu (0. Snm) /CoFe (2nm) /I rM 
n (7nm) ©J;'5tC, <:/ :/U >^y*jaffl-r^ 30 

dtfeT^^o SS{t:@«)liZ>4'rBltcEM$n/rAuCu 

(C^ESlt5a*^=bfce.-ril^B#(Cl r Mn/ii;<7)*&T 
^tfmzlSk^. Xtf>A*jl':;^IK©Wf^tt:feJ;t^MRiRftt 
$r[B]±S-ti:-5fc(DT*-5<, ^«J;^;^c:^^«MR[n]±S 
O^iilHO. 5~2 nmc7)$gHi:r^^:.t:6WS 
(HM^J 6 ) KI^140Sfl:©MB <i:fj:^jl««ii£a!^ll!i 

S^jt^H^t-^fcJ^CO^SiLTfe, Au/Cu;^C<i: 40 
co«H]^-^^^li7)^e,7^d:^MR|fi]±H«^?aT'ab-g.o 
O-^siibT, f^^{k->'Jn>«S/Ta (Snm) / 
Au (Inm) /Cu (Inm) /CoFe (Snm) 
/Cu (Snm) /CoFe (2nm) /I rMn (7 
nm) /Ta (Snm) BfffiT EMir^^^- 7 

3 50 
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[0 4 6 4] t'^' 75^^ V3 >/'?;S'->75i6, 1 /zmJJ( 

A^o/co TaTtfe. <*tti^^l^<tetJli« f c c (1 1 
1) gS[BlLTti-5o lHii?T/"?iS'->T'4''L\^/&^e>¥gRCD 
^^S;'iS,'i^{C7.5i?-:/ H^tMAfc. irMni 
C o F e/C u/C o F e tTtt f c c (1 1 1 ) 

#^^{C^ni.i?ii: f c c (111) WMffiX^-Z^^^^-^Lt. 

[0 4 6 s] ^(D^ofin.^^\z^\^^mmt.. mr^yi: 

7 T X7 J1^5 :hcD J: -5 i^£T^:;i/7 7- xaiS±T'f#-5S 

A 1 T i Ca«±C7)T^:;i/:7TXA 1 O, ^±^. ^® 

[0 4 6 6] ^:©^)^^JtCfett-5Au«TtlS«T a«Jg;- 
■rL-fcT aT/j:< Tt)J;li75^\ ■(Bre.75^0Tife/t-y 7r)i 
«i£:^®T-S.^„ A u SiaS^i?{t >SIS±iCfiRM 

en/iV^o T aJi(^1-c75M:N-t L-Tti. T i > W, Zr, 
Mo, H f ^^n6^-&ty-&^;^c<i:Sfflt,^^Ci:^'T^ 
^. Ta/Au/CuTtfeMO«-&(C«. TatAuH 

[0 4 6 7] T a^Au/CuCDJio^Tmmm 

m't(r)^o\z. ^^^m^t^m^-^m^msz-t^m'^ 

A u *^^KM$n^ i^tCC u±iC^-c7)S Sigai^i€r« 

■pT¥^SMAj:«i<&Jgfi£-r-5, ClWJc'P^^c^igJ*. Ta 
(5nm) /Cu (2nm) /CoFe (4nm) /C 
u (Snm) /CoFe (2nm)/IrMn (7n 
m) /Ta (Snm) coi^ic. **«;^Ta/CuT^ 

[0 4 6 8] ^*ftc||^t-«.teolfjt(tLT«. HJE^aj 
\(Dh^i:.nm\Z. «[1±)l75^'Co«Oi^®«^v A 1 - 
Cu, Pt-Cu. Rh-Cu, Pd-Cu. Ir-C 
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u. Ag-Pt. Ag-Pd. Ag-Au. Au-P 

(Dm(Dm't. Au-Pt. Au-Pd. Au-Ag. A 
u-AK Ag-Pt. Ag-Pd> Ru-Rh. Ru 

-I r. Ru-F ta)m^'^t^^(Dmmm. ^^mr^^ 

Au-Cu, Ag-Pt. Au-Pd. Au-Ag. P 

t). Ru-Cu, As-Cu<D^oU&^^t:>i^a:)mm 

[0 4 6 9] f&.(Dmm.tLT. Ta/Cu/Au/Cu 
T*. Ta/Pt/CuTJ4. Ta/Cu/PtTl*. 
Ta/Rh/CuTi&. Ta/Cu/RhTi^, TA/ 
Pd/CuTift. Ta/Cu/PdTift?iJ:c?f7&^*^tf e»tl 

mi\imo)M{}^^m<rz^. m.m^±^f^7tm^mn\]Lu 
T af^^oyTm/^yyrm^^^^^tzTmiy- \^mo:>mm 

^^2-5 nmS^T^^^if* bV^o TztzL. mmftmU^lZ 

[0 4 7 0] ^tz. ±9i(Dj:.or^^±^mf^-r^ fee 
^acol«®]^{c>R;;^T. f e c ^mf^^^m^com.^^ 

t^i^om^z. ^nii.z'^ ^izmm^m^m^fz^^^^m 

^(D fee UT. P t N i (P t 2 6 a t % 

ctO fcP t U bl/^) . RhNi^^. PdN 

a^h/v^zcD^f^xmit^h^rzii^. m^^m<D 

mDMW^iy^^) I rN (I r 1 2 a t 

^c7)^^{CfeTa;\^^;/7TC0f^t:)D{lT i . W. Z r , 
Mo, Hf^^tli^^tS^^UE^m^^^^tT^^X^ 

^tz. f c c^^m:<Dmm\t±m<Dmmm<Dm^t 

m.tn^^±^hrzm^lz\t 5 n m&.± tLThJii^^ 
[0 4 7 1] ±,mLtz<korm0SL<DM:mitLX\^. T 

a (5 nm) /P t (1 nm) /Cu (1 nm) /Co 

Fe (2^-811111) /Cu (3nm) /CoFe (2. 

5nm) /I rMn (7nm) /T a (5nm) . Ta 
(5nm) /PtCu (2nm) /CoFe ( 2 8 n 

m) /Cu (3nm) /CoFe (2. 5nm) /I r 
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Mn (7nm) /T a (5nm) . Ta (5nm) /A 
u (Inm) /Cu (Inm) /I rMn (7nm) / 
CoFe (3nm)/Ru (Inm) /CoFe (3n 
m)/Cu (3nm)/CoFe (Inm) /N i F e 

(5nm) /Ta (5nm) , Ta (5nm) /A u 

(Inm) /Cu (Inm) / I rMn (7nm) /C 
oFe (2. 5nm)/Cu (3nm)/CoFe (1 
nm) /NiFe (5nm) /Ta (5nm) , Ta 

(5 nm) /Au (Inm) /Cu (Inm) / I rM 
10 n (7nm) /CoFe (3nm) /R u (Inm) / 
CoFe (3nm) /Cu (3nm) /CoFe (4n 
m) /Ta (5nm) . Ta (5nm) /Au (In 
m) /Cu (Inm) /I rMn (7nm) /CoFe 

(3nm) /Ru (Inm) /CoFe (3nm) /C 
u (3nm) /CoFe (4nm) /Cu (3nm) / 
CoFe (3nm) /Ru (Inm) /CoFe (3n 
m) /I rMn (7nm) /T a (5nm) , Ta (5 
nm) /AuCu (2nm) /I rMn (7nm) /C 
oFe (3nm) /Ru (Inm) /CoFe (3n 
20 m) /Cu (3nm) /CoFe (4nm) /C u (3 
nm) /CoFe (3nm) /Ru (Inm) /CoF 
e (3nm) /I rMn (7nm) /T a (5nm) ;^ 

(^^^•17) ZLn^XC0^oUMR\^±m^tm4 9(D^ 

oUAjL^'f'^y^om'^iz^mmx^^o ^(Dm^. 
att)B7 2 t(Dmmmmty.\^yj^jiym^D^^<r^ 

i±TMR[^±e7 3^BaB$-ti-^o 
[0 4 7 2] i^ii. :S:#:^J^#0Sb"r?::)*^0^a)^i- 

^7 a)mm(Dmm\z-^i^xmm\^rzo l^^v. *^hj 

[0 4 7 3] m^^^. ms 0-0 5 2H, *^0JCO^?> 
^ ^S0tJ ^ B T ^ o 

[0 4 7 4] T^^cCtD^. ElSO^i, ABS (XT • ^7 
Wffi^S^f fccOTfeD, glSlti, ^^yfm^zy-)}/ 

\^m^m\^^rzx\zy/^jiy^m^(Dmumx$>^o 

40 [0 4 7 5] 0{CTS/-;UH 1 1 (N 

iFe. Co^7^:;P:7rXai4'&^, F e A 1 S i 

m^: 0. 5 --Sum. NiFe-^FeAlS 

Vi) . T^-\'^yyMl2 (TJl^i-^mtTJl^U^) 

Xtf>AVl/:/Ml 4ti. ^Jg0ij4{C*bfc5j^hA^C7)S 
50 V*>e»flg^$n^o -r^C^D-^. Ta. Nb. Zr. Hf 
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^(D$^mitTi&m 1 4 1 ■. l ~ l O nm) , 

{Cft;CTRu-^N i FeC r i^t'CD^ 2 ©TJftB 1 4 2 
: 0 . 5 ~ 5 nm) . 14 3. ^SSStt 

B/fiSa^^H/^J^ttll*^ b fiS -> >-tr 5=- ^7 fc: »1 
14 4. ^fiSttX'^— y-1 4 5. 7'J-H14 6. i«« 

14 7. smizit-cxmmm 1 4 s (o . 5~ 

lOnm) ;5^b1«fi£$n^<, -^CDifCi^^^ y« 1 7 
(7;i/5:^^a{t7;i/5 7S;i') . ±->->»!/Fl8 (N i 
Fe. CoJST^:;l'7 7'XfiStt-a-^. F e A 1 S i 

fit*. 0. 5~3tfm ) umiSi-^n^. m^L 
ifynjiymT- 1 s «. t, t:°>A*ji/:/^ i 4 © h- 5 

8I/\'<7X)1 1 StCttiSKfiltt^ (Cr. FeCo 
fcCt*®Tit«-h{cff^jiiKL/cC o Pt-^CoPtCr;^ 

i') ^ti«?iattJi 1 5 1 t^^mitm 1 5 2 >^m^m 

S?SllttJ» 1 5 2 *fi!cMLTik(;:?Sl^ttM 1 5 1 ^i^m 

ffJt. Ms*t (^A-TTX) /Ms*t (7U-) $7 
5nm»£tT (ffiSMl^JSJt : 5 nmTiilT) {CST'^< 

/ist. Ms*t (i^A-ryx) /Ms* t (-71J-) 

[0 4 7 6] -9S:IC. ^KJE8ttMT«IK;9)&t»<^i:Si 

^mm^ 1 5 1 yR^m^m 1 5 2 ^s'-r y^sif/s'-r tx 

mtm^L^K 1 5 1 /s^atti^ 1 

5 2 «iEA'-r TXHTtt. ^f^ttH 15 1 ©tgft^^ttt 
fiBHN (A*;i/i7>'\>^-tf>y-f X) |^*<&:/5:S'«/Jn$ 
i F e-&^T-t>fiV^*^*Co F e-^Co^(DJ;Ofig?ail{t 

[0 4 7 7] U:to, H 5 0 T'tiT, t°>A;i/>^M 1 4 ^± 
TX>y5^>^|^5&b;^fliTS?featt» 1 4 3 ^-^LTlfS 
A'-f 7X«$rmbfc«^SrS^Lfc*^. Tftfcg 1 4 1 * 
TX-y5'>/7'|^SbTfeat,i<, S?iai4Hl 4 3$?SL 
T^O±{C«iE/W77.JIl 5^J^fi)t-r-5t«|AW 7XJ1 
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So «®i ezifiiffiyN'-f 7XH1 soWPitiK^ai^Lti- 
«9:Mfj:7n-y hv'v>i7->3 >Ttt. «ffi<i:Xtf>A*;|/ 

7wy-r i/i' h\zmmMx^m^<7^xs:mtmi a 

ym \ 4 4tt^^(C|^*LT-eo±tCi^/\W7XJl$J^ 

»i 1 4 4 ©^ftti^AW 7XH 1 5 (7)aft:cD:^i6jtt«i 
*ait3^$-a-^:ii:;!i^*ifSSfj<©T. ^-5^^ .t t: >» 1 4 
4i^©±©«SA'<77.)l 1 5 <i:»jeSMffiSf^ffliCj;CI 
10 liA'f 7X)l®aft*^^*^{C^cSyS:i*-C*^o 

tt. ii5S«Hl 4 7*-e«Xy5^>if^5&LT7'J-W 
^■^±\zW^-t^Z.t.^<. ^©ififA'-f 7XB^£}^fig 

[0 4 7 8] Sfc, m^'^^m<ntz.vb\z. ^"^AtEMM. 
Its 1 4 3 t.m.n^T7.m 1 5 i©a^i^^$ri|ii6S;t 
1 5 1 CDTfcTtaH 1 4 2 ^:|^^t7S:11» 
I'^Tlfelii 5 S^^^tTfe^v^o ^SMttBtSSaiiWo 

mtctt. mti^um^<r>mmmimw^x%mm.ii^^t)^ 

7XJl*^e.OA*-f 7Xa#SW3aitC7 U -BtCjDA-i) 
TJftB 15 3 CynWt 1 0 nmRTd^MS L 

att«c7)^?naft^}ix.SC:<i:75^'M*bt.^:^^*. C o F e 

[0 4 7 9] ^CIT. i!Ka'ltMC«TifefCFeCo©J; 
■5:^£C o F e (C|ZCii[-r^i«lg?aa<t:cDTi&*ffl V^T 7 U 
-«<i:®ga?nj^{tOA'^>X^«t?^<i:7S^*. 
30 -r7XB8#TBHNSr|^S-r-5©{c:ji-r-2), S^JKffitg 
1 5 2(c«xt°>A-;U7'^t;:ffl(,iitfc«tl^1ll;^cS^fiS 

[0 4 8 0] LtS^L. Xfcf >A;^>'*®S?tffiS^4Hi:ffi/^* 
'r T7~.m(r)jxmm.m 1 5 2 ©3^»l/^*< 77.-i3mim.^ 
(xtf>A';i/yM®s?iattS©3g^ 
/W7x^iRi««^|ii {/N-f h) iKiA''f7x)i® 
S?SJlttiKi 5 2 03:£^AW7x:^|p]«h^<yi/iti:fii 

[0 4 8 1] ^ciT-. ^J^ti. M#®S?iattM©:?'p 

«032l^/^<7X:^|fi]^l^ma{CJ;i9S^bT. -etlJ; 

3Sift/\-'f 7x (Cct 0 mm^niiMTmmo^m.{\L-nmm 

^:^cSSifi^ tc ^ T b ^ ^^-r ^ 
CtJcJ;^. SS?feliS'ttm©3^*feA*-r7X©it3?fl:*^** 
^f^-S. S^SfiSttBl 5 2®3gtfeA-f 7X#-^{C«, 
SSIfffiXi^ (I rMn. RhMnfjif^ffltiS) ^IB# 
gPmtC*3tt-S) 2 0 0~2 5 0'COU->?X h^a.7-^ 
«!iaia(PtMn, PdPtMn, IrMn^ci'^ffl 

50 \^^) *?iJffl-rs^t*ia*Lii, xe>A*;i/:/M©s 
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n, PtMn, PdPtMn^) ^rffll/i^i, Ui^Xh 

[0 4 8 2] ti^*©^gtf >exif >A;u:/T'ttS?iia 

y^y i^^agcDHT t) Sim^mn^ Yxt\^ymmit(D 

^K^m^P tMn^PdP tMn<£iati-5«^«, 
U'v'X h^^^zLT-Sg (2 0 0~2 5 0'C) T^MiHL^ 

[0 4 8 3] 6«PBlS8LDtt. ^EAWTXSWPbI 

(1 OGbp s i iy.±) TiiO. 1~0. 7 (im(D-i)-y 
5.i7ay^t^^o — HMDttLDJ:0t)*3ct-^ 

€){C, HD >LD1.0HMD>HD<>:-r-&J: 

fii^ i -5 Tv\' ji/ i/ /\ r:? if > y xwa jo^^ 

0. 8 wmegJCJEtf^Ci/^^'MSLl^io 
[0 4 8 4] 0 5 0JC*3liT>"J-WWM*f 

PalH^rg p ir-r-Si, 7'J-aic:J!jP*^^«ataifHc u 
Si|i*^;^cfeic«. g f <g pi-r^;i<h;{>^'a^ Lii. 

1 4 5ffliJtc?¥ffi-r^©T-7U-Hlc«-fe>x«atil^:^ 
(B5 0#BS) „ -fe > X 75^11 S^t. J:D;»c 

^wmtm^n^, a^^mjch, gptt3 5~8 0n 

m. g f tt2 5~5 0 nmt UTg f <g p t-r^t, 
:rSfc6 0~ 1 3 0 nmCD*Lti^^v<y7'*tSI^-C# 
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[0 4 8 5] 0 5 2tt, Hl^0 5;5:<»:{C^J^Lfch-y 

1 5 \t7. \^yn)v^n^^%y.v'j-y'^Ws^\^fz''^\z-v 

feja-:3-t>X«SiE(7)SlEns4''L-;J^#fiS1tX'^— y-1 4 5 

WfCtt. gpfi3 5~8 0nm, gfli2 5~5 0nin 
tUTg f <g pi-rst, ^•\"^:/0«feiBfcttfc«oT 
20 Uio^-0\ — ^';i/S^^^-fy7"Sfe6 0~1 3 0 nmO 

[0 4 8 6] Sfc, *%?«(C<fc^JKmigin:Sill*T®M 

[0 4 8 7] 0 5 3 i^^m\zii^mm.mm^m^ 

i^*$rS^-ri?'^:70T*^. ^TJil. »f®TEM (Iran 
smission electron microscopy) SI§Effl®+t->:/;U$'f^ 

yc:^y EDxtCcfco, mm.mi^^mf-^mm.\.x^^^ 

ffi, *5j;lX7U-B<!:#fiSttiii#«B©Cu<i:©^ffi}i 

it few -> Y - T'T- D Mff * b 1=> r 1/ ^ » 
[0 4 8 8] fliiPft^CD^fttbTH. ^M<7)1M*«^« 

fcMtS$:>"J-HiKi?iT^o B5 30^JT«. X^- 
itCu«2. 4nm, 2 nmi:*i 

(i4. 1 nm<i:TS:n<h}6^-e^^„ :i(D7U-H^ff« 
macD7U-JlMJ»3. 7 nm^(a{mSb;t<|[T'i& 
-5, c:©j;^;S5J-W^te{cJ:r)Xfc!>A';i/yi«o|^fl|^ 

50 [0 4 8 9] 
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[0 4 9 0] sr. *%B^(cj;nti. mmvrz^KDm 

[0 4 9 1] *%HJ{CJ:tltt'. WaiLfc^27iS 

-Ir > X © :^fl^t75VjN ^ 1/ i ie> G M R t b T iiS I ^M: 

[0 4 9 2] $6tc, *5!B^(cd:tl«. ttriEbfc^7<D 
^MWi^ffi^jg^-r-SClifCcfcoT, MR[Pl±)iicJ;i9 
yim^o-tT. T t i&ffll«-r -S i ^ -S 1 

B#(C. MMS:W-3a*{Cj;0MR^fl:^O[P]±S:lll-5:i<i: 
t^T^^. Sfc, ■7U-Il;^^'»l/i«^{C*DViTtt. MR 

SOT, l!ftMS*ff-s.fc^T'fc. ^0#ffi{C*5ViT«^ 

oSjM*<&i«ViSS*ftJ$T#. iftv^MRigft^^ffi-^:: 
)KBS:MR[fi1±JIfcJ;i9fSJa^^t:LfcO. Si^c^S^a 

[0 4 9 3] &.±.mmvrzj:oi,z, *fiBj(cj;ntt\ m 
mnmc u ©M^tc^s-rs y u -Btcspfc^wsiEa^H 

[04] 7zy^ hU;5^*- 1 0%~+ 10%. oSD. /N' 
-TTX^-f >H3 0%~5 0%i£j|:i-r-5iti6cD->>-tr 

W/ctlEa b ;t ^ 7 S. 
[0 5] *^Bj©-^S6^J®itaMJgM3«4«mTOA<*:0<J 
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KBjf sfc*©m-^0T$.-s<, 

^iSJg o ^ ^ ^ :7 0T s . 
[010] SeSrSiEn-SmaiE^gfEI ,~ usr^-riR^H 
[011] itK^Jtci^WSA'-r TX/J^-f > hwi^fii^^ 
[012] h^>X>'7-:^-:/T*fet#C0H,„. H 

Pin. yi,^a^±t^tJU7y.^^-i>hto)m^^^v 
rzWt^MX'$>^, 

[013] it«^«3JIC*5ftSA*-f TXTft-f >h©^^S* 

(Dm».^^Twtitmx'$)^. 

[014] itfe0tJtC:feftSA*-rTX3j?--r>h©j*SSm 

<^M^R&^-rtt.-i;0-Ca5S. 
[01 5] #Jtte«^J©xt?>A;i/:/i^t*%iRicj;sx 
tf >/t;i/::^Mo>'N'-r 7X*-r > h ® 7 "J -g/P^fe^ttSr 

20 lt*!fLo-S'«Lfei^5>'0T$>^o 

[016] itK^J 1 ~4©1ijg(CiJV^T. 7'J-)1CDM 

s* t;^tt*/h^< L;t:Bf{cMRig{t**^<i:©J;3{c:^ 

[017] ^9tmo:)mm.m.m.n^^y \^<D—Mm.mm^ 
[01 8] nmmmzM-r^x\fy;vi-:rm(D^m.mo) 

mtt. SS^A'-l'TXa^HuA^^^-rMSET^So 
[019] 1«SiA--1'TXai^^-^^fc«-&OigiMB#ffli 

mtWimm<nm.it(Dm\^^rzns.ii(Dm^^^tm. 

30 [0 2 0] S^attB®M«®*^?,©|iI«Ti^lf-i/0D 

[02 1] m.n.m-^m\z, rm ^m^^rzm^(Dmwi^mm 

M r /M s tCj;oT*Lfc0-T?*-5, 

[0 2 2] xif >A*;i<-:/M®fi8l^{c*frsffiin:{t©^ft 

<&*-r0T-fe*o 

[02 3] m&^mAtiW&.mB(Dmm^mtiib^^ 

T0T$)S„ 

40 [02 4] Xtf>/\';i/-7*«T(Cbi-^>4^x'i'^:5^;l/ 

{c j:.sit«©E s Dm.&^^?Lrzik(Diim.t\!ss^^^-r 

0T*-2)<, 

[02 5] xfcf>A';i/:/^^tc:ki— 7>5}?x^'^t';1/ 

j;5m[(©E s Dnm^^-xtz'^cnmitm^^^-t 
mx$>^. 

[026] X If >fV[,':rm'¥-(Dmmm.nt:mrmxh 

•5. 

[0 2 7] *%BJCDfi8Mffitii2(l«'\>> KCDflfi©— IgSgJI^ 

^i*^^-r0-Tr*-&. 

50 [0 2 8] ^^m(Dm.9imn.^^^y h*®$^llfi6®— 
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[0 2 9] :^^m(Dm^i&inn^^'y}^<D^^izm<D- 

[03 0] :$imM(Dm^m.m.m3k^y ]^(D■^^^zm<D— 
[03 1] :^^m<Dmn.tmm^^^y 

[033] 032 \z^'tm^m.m.^W:m'j^(o^mm^^ lo 
•r»fB0T*^o 

[034] 03 2 iZ7Rrmm.m.in^^m'f-(Dm<^mmm 
$-^-rif®0Tag>'5o 
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'ROBLEM TO BE SOLVED: To obtain a magnetoresistance effect 
lement having extremely high sensitivity while maintaining a good bias 
oint by keeping the magnetization in one of a pair of ferromagnetic films 

1 a second ferromagnetic layer into a desired direction, and forming a 
onmagnetic high conductive layer in contact with a first ferromagnetic 
lyer on the opposite face to the film face where the first ferromagnetic 
lyer is in contact with a nonmagnetic spacer layer. 
JOLUTION: A high conductive layer 101, free layer 102, spacer layer 103, 
rst ferromagnetic layer 104, bonding film 105, second ferromagnetic layer 
06 and antiferromagnetic film 1 07 are laminated. By this constitution, 
specially when Hs on the transfer curve is small by making the free layer 

02 extremely thin, a good bias point can be obtd. by rendering all of Hcu, 
\p\n and Hin small and satisfying Hpin-Hin=Hcu. By using a synthetic AF 
tructure. Hpin can be decreased. 
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LAIMS 



llaim(s)] 

:iaim 1] The nonmagnetic spacer layer characterized by providing the following, and the 1st ferromagnetic layer and 
e 2nd ferromagnetic layer which were separated by the aforementioned non-magnetic-material spacer layer, ****** 
id the ferromagnetic layer of the above 1st have the magnetization direction which accomplishes the angle to which it 
is received in the magnetization direction of the ferromagnetic layer of the above 2nd when an impression magnetic 
jld is zero, the ferromagnetic layer of the above 2nd The magnetoresistance-effect element containing the 
rromagnetic film of the couple mutually combined in antiferromagnetism, and the joint film which combines these in 
itiferromagnetism, separating the ferromagnetic film of the aforementioned couple. A means to maintain one 
agnetization of the ferromagnetic fihns of the aforementioned couple in the ferromagnetic layer of the above 2nd 
wards desired. The nonmagnetic quantity conductive layer which touches the 1st ferromagnetic layer in respect of the 
m surface which the ferromagnetic layer of the above 1st and the aforementioned nonmagnetic spacer layer touch, 
id an opposite side. 

'laim 2] The aforementioned nonmagnetic quantity conductive layer is a magnetoresistance-effect element according 
claim 1 characterized by containing the element whose value of the specific resistance in the room temperature of a 
ilk state is 10 or less microomegacm. 

:iaim 3] The thickness of the ferromagnetic layer of the above 1st is a magnetoresistance-effect element according to 
aim 1 or 2 characterized by 0.5nm or more being 4.5nm or less. 

:iaim 4] Wave asymmetry (Vl-V2)/(Vl-fV2) expressed with the absolute value VI of the reproduction output in a 
ght signal magnetic field and the absolute value V2 of the reproduction output in a negative signal magnetic field so 
at it may become 0.1 or less 0.1 or more minus plus The magnetoresistance-effect element of any one publication of 
e claim 1-3 characterized by setting up the thickness of the aforementioned nonmagnetic quantity conductive layer, 
id the thickness of the ferromagnetic layer of the above 2nd. 

:iaim 5] Nonmagnetic spacer layer. The ferromagnetic layer of the above 1st is the magnetization direction which 
:complishes the angle to which it has received in the magnetization direction of the ferromagnetic layer of the above 
id when it has the 1 st ferromagnetic layer and the 2nd ferromagnetic layer which were separated by the 
brementioned non-magnetic-material spacer layer and an impression magnetic field is zero. A means to be the 
lagnetoresistance-effect element equipped with the above, and to maintain one magnetization of the ferromagnetic 
1ms of the aforementioned couple in the ferromagnetic layer of the above 2nd towards desired. The nonmagnetic 
Liantity conductive layer which touches the 1st ferromagnetic layer in respect of the film surface which the 
srromagnetic layer of the above 1 st and the aforementioned nonmagnetic spacer layer touch, and an opposite side, 
*** and wave asymmetry (V1-V2)/(VH-V2) expressed with the absolute value VI of the reproduction output in a 
ght signal magnetic field and the absolute value V2 of the reproduction output in a negative signal magnetic field 
irther It is characterized by setting up the thickness of the aforementioned nonmagnetic quantity conductive layer, and 
le thickness of the ferromagnetic layer of the above 2nd so that it may become 0.1 or less 0.1 or more minus plus. 
31aim 6] The thickness of the aforementioned nonmagnetic quantity conductive layer converted into Cu of lOmicro 
megacm of specific resistance t (HCL), When magnetic thickness which converted the thickness of the ferromagnetic 
Im of the aforementioned couple in the ferromagnetic layer of the above 2nd by the saturation magnetization of IT is 
2t to tm (pinl) and tm (pin2) (tm(pinl) > it is referred to as tm (pin2)), respectively The magnetoresistance-eflfect 
lement of any one publication of the claim 1-5 characterized by satisfying 0.5 nm<=tm(pinl)-tm(pin2)+t(HCL) 
:=4nm and t (HCL)>=0.5nm. 

31aim 7] Nonmagnetic spacer layer. The ferromagnetic layer of the above 1st is the magnetization direction which 
ccomplishes the angle to which it has received in the magnetization direction of the ferromagnetic layer of the above 
nd when it has the 1 st ferromagnetic layer and the 2nd ferromagnetic layer which were separated by the 
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jrementioned non-magnetic-material spacer layer and an impression magnetic field is zero. A means to be the 
Lgnetoresistance-effect element equipped with the above, and to maintain one magnetization of the ferromagnetic 
ns of the aforementioned couple in the ferromagnetic layer of the above 2nd towards desired. The nonmagnetic 
antity conductive layer which touches the 1st ferromagnetic layer in respect of the film surface which the 
Tomagnetic layer of the above 1st and the aforementioned nonmagnetic spacer layer touch, and an opposite side, 
** and further the thickness of the aforementioned nonmagnetic quantity conductive layer converted into Cu of 
scific resistance lOmicroomegacm t (HCL), When magnetic thickness which converted the thickness of the 
Tomagnetic film of the aforementioned couple in the ferromagnetic layer of the above 2nd by the saturation 
ignetization of IT is set to tm (pinl) and tm (pin2) (tm(pinl) > it is referred to as tm (pin2)), respectively It is 
aracterized by satisfying 0-5 nm<=tm(pinl)-tm(pin2)+t(HCL) <=4nm and t (HCL)>=0.5nm. 
laim 8] The aforementioned nonmagnetic quantity conductive layer Copper (Cu), gold (Au), silver (Ag), a 
thenium (Ru), Iridium (Ir), a rhenium (Re), a rhodium (Rh), platinum (Pt), The magnetoresistance-effect element of 
y one publication of the claim 1-7 characterized by being the metal membrane which contains at least a kind of 
^tallic element chosen fi-om the group which consists of palladium (Pd), aluminum (aluminum), an osmium (Os), and 
::kel (nickel). 

laim 9] Nonmagnetic spacer layer. The ferromagnetic layer of the above 1st is the magnetization direction which 
complishes the angle to which it has received in the magnetization direction of the ferromagnetic layer of the above 
id when it has the 1st ferromagnetic layer and the 2nd ferromagnetic layer which were separated by the 
Drementioned non-magnetic-material spacer layer and an impression magnetic field is zero. A means to be the 
agnetoresistance-effect element equipped with the above, and to maintain one magnetization of the ferromagnetic 
ms of the aforementioned couple in the ferromagnetic layer of the above 2nd towards desired. It has the nonmagnetic 
lantity conductive layer which touches the 1st ferromagnetic layer in respect of the film surface which the 
rromagnetic layer of the above 1st and the aforementioned nonmagnetic spacer layer touch, and an opposite side, and 
e aforementioned nonmagnetic quantity conductive layer is further characterized by being formed from the cascade 
reen which carried out the laminating of the film more than two-layer at least. 

:iaim 10] The magnetoresistance-effect element according to claim 9 characterized by the film which touches the 
rromagnetic layer of the above 1st among the aforementioned cascade screens containing copper (Cu). 
:iaim 1 1] The magnetoresistance-effect element according to claim 10 characterized by including at least a kind of 
ement chosen from the group which the film which does not touch the ferromagnetic layer of the above 1st among 
e aforementioned cascade screens becomes fi-om a ruthenium (Ru), a rhenium (Re), a rhodium (Rh), palladium (Pd), 
atinum (Pt), iridium (Ir), and an osmium (Os). 

:iaim 12] The magnetoresistance-effect element of any one publication of the claim 1-11 characterized by touching 
e aforementioned nonmagnetic quantity conductive layer in the ferromagnetic layer of the above 1st, and the field of 
1 opposite side, and having the layer which contains at least a kind of element chosen from the group which consists 
fa tantalum (Ta), titanium (Ti), a zirconium (Zr), a tungsten (W), a hafnium (Hf), and molybdenum (Mo). 
::iaim 13] The ferromagnetic layer of the above 1st is the magnetoresistance-effect element of any one publication of 
le claim 1-12 characterized by the bird clapper from the cascade screen of the alloy layer containing a ferronickel 
"JiFe), and the layer containing cobalt (Co). 

:iaim 14] The ferromagnetic layer of the above 1st is the magnetoresistance-effect element of any one publication of 
le claim 1-12 characterized by the bird clapper fi-om the alloy layer containing cobalt iron (CoFe). 
:iaim 15] Nonmagnetic spacer layer. The ferromagnetic layer of the above 1st is the magnetization direction which 
xomplishes the angle to which it has received in the magnetization direction of the ferromagnetic layer of the above 
nd when it has the 1st ferromagnetic layer and the 2nd ferromagnetic layer which were separated by the 
forementioned non-magnetic-material spacer layer and an impression magnetic field is zero. The antiferromagnetism 
lyer as a means to be the magnetoresistance-effect element equipped with the above, and to maintain one 
lagnetization of the ferromagnetic films of the aforementioned couple in the ferromagnetic layer of the above 2nd 
)wards desired. The nonmagnetic quantity conductive layer which touches the 1st ferromagnetic layer in respect of the 
Im surface which the ferromagnetic layer of the above 1st and the aforementioned nonmagnetic spacer layer touch, 
nd an opposite side. It **** and is XzMnl-z (X here) as a material of the aforementioned antiferromagnetic substance 
lyer. at least a kind of element chosen fi-om the group which consists of iridium (Ir), a ruthenivim (Ru), a rhodium 
Rh), platinum (Pt), palladium (Pd), and a rhenium (Re) ~ carrying out - the composition ratio z - more than 5 atom 
i — below 40 atom % - it is - it is characterized by using 

Claim 16] Nonmagnetic spacer layer. The ferromagnetic layer of the above 1st is the magnetization direction which 
ccomplishes the angle to which it has received in the magnetization direction of the ferromagnetic layer of the above 
nd when it has the 1st ferromagnetic layer and the 2nd ferromagnetic layer which were separated by the 
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orementioned non-magnetic-material spacer layer and an impression magnetic field is zero. The antiferromagnetism 
/er as a means to be the magnetoresistance-effect element equipped with the above, and to maintain one 
agnetization of the ferromagnetic films of the aforementioned couple in the ferromagnetic layer of the above 2nd 
wards desired, The nonmagnetic quantity conductive layer which touches the 1st ferromagnetic layer in respect of the 
m surface which the ferromagnetic layer of the above 1st and the aforementioned nonmagnetic spacer layer touch, 
id an opposite side, it **** and is characterized by using XzMnl-z (X considering as a kind of element chosen from 
e group which consists of platinima (Pt) and palladium (Pd) at least here, and the composition ratio z being below 65 
om % more than 40 atom %) as a material of the aforementioned antiferromagnetism layer. 

'laim 17] The aforementioned non-magnetic-material spacer layer is the magnetoresistance-effect element of any one 
ibUcation of the claim 1-16 to which it consists of a metal layer containing copper (Cu), and the thickness is 
laracterized by 1 .5nm or more being 2.5nm or less. 

'laim 1 8] It is the magnetoresistance-effect element according to claim 1 or 2 to which the difference of the magnetic 
ickness whose ferromagnetic film of the aforementioned couple those thickness of the ferromagnetic film of the 
orementioned couple combined [ aforementioned ] in antiferromagnetism is equal, its ferromagnetic film which 
uches the aforementioned nonmagnetic spacer side is thicker, and is the product of each thickness and saturation 
[AG is characterized by 0 or more nmTs being 2 or less nmT. 

Haim 19] The aforementioned joint film which combines the ferromagnetic film of the aforementioned couple in 
iti ferromagnetic substance is a magnetoresistance-effect element according to claim 1 or 2 to which it consists of a 
ithenium (Ru), and the thickness is characterized by 0.8nm or more being 1 .2nm or less. 

;;iaim 20] The huge magnetoresistance-effect film which has an antiferromagnetism layer for fixing the magnetization 
fthe aforementioned magnetization fixing layer which has been arranged through a nonmagnetic interlayer, and by 
hich the laminating was carried out at least to the magnetization fixing layer and the magnetization free layer of a 
)uple, and the aforementioned magnetization fixing layer, And it sets for the magnetoresistance-effect element which 
is the electrode of the couple for supplying current to the aforementioned huge magnetoresistance-effect film. It 
)mes to carry out antiferromagnetism combination of the ferromagnetic layer of the couple which the aforementioned 
lagnetization fixing layer becomes from the ferromagnetic layer B arranged at the aforementioned ferromagnetic layer 
which has been arranged at the aforementioned nonmagnetic interlayer side ] A, and antiferromagnetism layer side 
irough a magnetic coupling layer. The aforementioned antiferromagnetism layer is a magnetoresistance-effect 
ement to which orientation of the maximum **** is carried out, and it is characterized by the bird clapper so that the 
)cking curve half- value width of the maximum **** peak may become 8 degrees or less. 

Illaim 21] The huge magnetoresistance-effect film which has an antiferromagnetism layer for fixing the magnetization 
fthe aforementioned magnetization fixing layer which has been arranged through a nonmagnetic interlayer, and by 
hich the laminating was carried out at least to the magnetization fixing layer and the magnetization free layer of a 
Duple, and the aforementioned magnetization fixing layer, In the magnetoresistance-effect element which has tiie 
[ectrode of the couple for supplying current to the aforementioned huge magnetoresistance-effect film, and the 
ertical bias layer of the couple to the aforementioned huge magnetoresistance-effect film The aforementioned 
lagnetization fixing layer is a magnetoresistance-effect element characterized by the electrode of the aforementioned 
Duple having an electrode spacing narrower than the interval of the aforementioned vertical bias layer by coming to 
any out antiferromagnetism combination of the ferromagnetic layer of a couple which consists of a ferromagnetic 
lyer B by the side of the ferromagnetic layer A by the side of the aforementioned nonmagnetic interlayer, and the 
forementioned antiferromagnetism layer through a magnetic coupling layer. 

i;iaim 22] The nonmagnetic interlayer of at least one layer. The electrode of the couple which supplies sense current 
) the spin bulb film which has at least the two-layer magnetic layer arranged through the aforementioned nonmagnetic 
iterlayer, and the aforementioned spin bulb film. It is the magnetoresistance-effect element equipped with the above, 
le aforementioned spin bulb film ITie improvement layer in the magnetoresistance effect which tums into the 
forementioned nonmagnetic interlayer of the aforementioned magnetic layer from the cascade screen of two or more 
letal membranes which touch the field of an opposite side. It has the non-magnetic layer which has the ground 
unction or protection feature which touches the aforementioned magnetic layer of the aforementioned improvement 
iyer in the magnetoresistance effect with the field of an opposite side. And it is characterized by the element which 
lainly constitutes the metal membrane which touches the aforementioned magnetic layer among the aforementioned 
Tiprovement layers in the magnetoresistance effect not dissolving with the element which mainly constitutes the 
forementioned magnetic layer. 

Claim 23] The magnetic head characterized by to provide a bottom magnetic-shielding layer, the bottom reproduction 
iiagnetic-gap layer a layer was prepared on the aforementioned bottom magnetic-shielding layer, the 
tiagnetoresistance-effect element of any one publication of the claim 1-22 prepared on the aforementioned bottom 
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roduction magnetic-gap layer, and the bottom reproduction magnetic-gap layer prepared on the aforementioned 
gnetoresistance-effect element and the top magnetic-shielding layer prepared on the aforementioned top magnetic- 
I layer. 

aim 24] The magnetic head according to claim 23 characterized by the irregularity of the fix)nt face of the 
rementioned bottom reproduction magnetic-gap layer in a magnetic force sencor being smaller than the thickness of 
aforementioned joint film. 

aim 25] The aforementioned nonmagnetic spacer layer is minded from the center which saw the ferromagnetic layer 
•Jhe above 1st in the direction of thickness. The aforementioned top magnetic-shielding layer and the aforementioned 
tom magnetic-shielding layer either, without minding the aforementioned nonmagnetic spacer layer from the center 
ich saw Dl and the ferromagnetic layer of the above 1st for the distance which results in the aforementioned top 
gnetic-shielding layer or the aforementioned bottom magnetic-shielding layer in the direction of thickness when 
tance which reaches another side is set to D2 Dl> The magnetic head according to claim 23 or 24 characterized by 

lakn26] The magnetic head of any one publication of the claim 23-25 characterized by having further the recording 
id which has the bottom magnetic pole which was communalized with the aforementioned top magnetic-shielding 
er, and was prepared, the record magnetic-gap layer prepared on the aforementioned bottom magnetic pole, and the 
» magnetic pole prepared on the aforementioned record magnetic-gap layer. 

laim 27] The magnetic-head assembly characterized by providing the head slider which has the magnetic head 
jording to claim 26, and the arm which has the suspension in which the aforementioned head slider was carried, 
[aim 28] The magnetic recording medium characterized by providing the head slider which has the magnetic head 
wording to claim 27 which reads a signal by detecting the magnetic field which writes in a signal and is generated 
•m tiie aforementioned magnetic-recording medium by impressing a magnetic field to a magnetic-recording medium 
d the aforementioned magnetic-recording medium. 
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TAILED DESCRIPTION 



^tailed Description of the Invention] 
lOl] 

le technical field to which invention belongs] this invention relates to the magnetoresistance-effect element using 
spin bulb film with which this invention has high sensitivity and high-reliability in a detail, the magnetic head, a 
gnetic-head assembly, and a magnetic recording medium more about a magnetoresistance-effect element, the 
gnetic head, a magnetic-head assembly, and a magnetic recording medium. 
)02] 

escription of the Prior Art] The expectation for the magnetic head (MR head) using the magnetoresistance effect 
R) which can take out a big output from small and large capacity-ization of a magnetic-recording mediimi being 
danced in recent years is growing. As a MR film used as the basic component of such an MR head It has the 
ignetic multilayer of the sandwich structure of a magnetic layer / non-magnetic layer / magnetic layer especially, one 
ignetic layer - exchange bias - doing -- magnetization - fixing (a "magnetization fixing layer" -) Flux reversal of 
5 magnetic layer of another side called a "fixing layer" or a "pin layer" is carried out by the extemal magnetic field 
died a "magnetosensitive layer" or a "fi*ee layer"). The spin bulb film in which the huge magnetoresistance effect 
MR) is shown by relative angle change of the magnetization direction of these two magnetic layers attracts attention. 

0O3] As other MR films, an anisotropy magnetoresistance-effect film (AMR film), an artificial grid film, etc. which 
nsist of a NiFe alloy etc. are known. MR rate of change of a spin bulb film is 4% or more, although it is small 
mpared with an artificial grid film, and it is fiiUy large as compared with the AMR film. Furthermore, since a spin 
lib film can saturate magnetization with a low magnetic field, it fits the MR head. It has a practically great hope for 
e MR head using such a spin bulb film. That is, in magnetic recording, such as a magnetic disk, the high sensitivity 
agnetic head which used the huge magnetoresistance effect (GMR), i.e., a GMR head, is indispensable to advance 
jnsification of recording density. 

004] The spin bulb film which consists of a magnetization fi*ee layer (fi-ee layer), a nonmagnetic interlayer, a 
agnetization fixing layer (pin layer), and an antiferromagnetism layer is used for an early GMR head as a GMR 
ement. however - if the thickness of a magnetization fi^ee layer is reduced in order to aim at improvement in 
:nsitivity indispensable to narrow the width of recording track of record and to perform densification - the disclosure 
agnetic field from a magnetization fixing layer ~ the shift of the operating point - bringing - coming - this shift 
noimt ~ the yield -- good - a current magnetic field ~ an amendment - things become difficult 
1005] The so-called laminating ferry fixmg layer ("SyAF", "synthetic AF", or an "antiferromagnetism fixing layer" is 
died henceforth) which constituted the magnetization fixing layer from a two-layer ferromagnetic layer which carries 
at antiferromagnetism combination through a magnetic coupling layer on the other hand is proposed (JP,7-169026,A). 
ince the operating point is theoretically made to zero by the disclosure magnetic field in this antiferromagnetism 
xing layer, reservation of the operating point is easy. 

)006] Namely, if a ferromagnetic layer A and antiferromagnetism layer side is used as the ferromagnetic layer B, the 
onmagnetic interlayer side of two ferromagnetic layers of this magnetization fixing layer The magnetic thickness, i.e., 
lickness, x saturation magnetization of the ferromagnetic layer A and the ferromagnetic layer B in equal SyAF Since 
le disclosure magnetic field of the ferromagnetic layer A and the ferromagnetic layer B is negated mutually, a 
isclosure magnetic field serves as zero substantially and a magnetization fixing layer stops inducing a magnetic field 
le stabihty of fixing magnetization is [ to / near / where the exchange bar chair of an antiferromagnetism layer 
isappears / the blocking temperature Tb ] good - etc. — it has a big merit 
0007] 

Problem(s) to be Solved by the Invention] However, there were various problems in these magnetoresistance-effect 
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nents by which the conventional proposal is made. 

08] First, in order to raise [ 1st ] sensitivity, when the free layer was thin-film-ized, there was a problem that the 
s point design at the time of sense current energization became difficult. 

09] Since magnetization of SyAF becomes xmstable in the temperature more than blocking temperature (Tb) the 
1, if static discharge (BSD) current flows into a GMR element, a fixing layer will be momentarily heated by the 
iperature more than Tb, and the problem that fixing of magnetization will be confiised arises. It is required to add 
strong magnetic field (usually several more than kOe) exceeding the antiferromagnetism joint magnetic field 
ough the magnetic coupling layer which raises temperature to more than Tb and moreover constitutes [ 3rd ] SyAF 
^rder to fix magnetization. For this reason, when temperature is raised to more than Tb using the high 
iferromagnetic substance of Tb for fixing of magnetization as an antiferromagnetism layer, there is a problem that 
)duce diffusion and antiferromagnetism combination falls between the ferromagnetic layers which adjoin the 
gnetic coupling layer of SyAF. 

)10] In order to add the strong magnetic field (JP,9-16920,A 15 kOe(s)) exceeding the antiferromagnetism joint 
ignetic field which minds a magnetic coupling layer where a temperature rise is carried out to the 4th, a huge 
ignetization fixing thermal treatment equipment is needed. 

)1 1] Although magnetization fixing will become easy in order to sympathize with an external magnetic field if it is 
ide SyAF of unsymmetrical structure which changed the magnetic thickness of 2 ferromagnetism layers combined 
th the 5th in antiferromagnetism in the pin layer Before and after the heat-resistant requirements for the magnetic 
ad needed in fijture high-density record, i.e., 200 degrees C, since the thermal resistance which came out on the other 
ad and was excellent in symmetrical SyAF will be lost, the problem that filling becomes difficult produces that 
Ignetization fixing is stable. Moreover, since it will be accompanied by generating of a disclosure magnetic field, the 
3blem that the cure of reservation of the operating point is also needed is also produced. 

312] There is also a trouble of 6th producing diverging of sense current and reducing the resistance rate of change as 
3MR element since a magnetic coupling layer and the ferromagnetic layer B are low resistance even if SyAF is a 
mmetrical system and it is an unsymmetrical system. 

013] fiirthermore, six troubles of having enumerated above ~ (3) which runs short of MR rate of change when (1) 
srmal resistance aims at much more improvement in bad (receiving especially initial process annealing) (2) 
production sensitivity - when a magnetosensitive layer was constituted from a CoFe alloy-layer monolayer from 
lich comparatively big MR rate of change is obtained, magnetostriction control was not completed, but there were 
5o problems — good soft magnetic characteristics are not obtained — [ in addition, ] 

014] this invention is made based on recognition of the various technical problems mentioned above. That is, the 
;sign of the bias point is easy for the purpose, and is to offer the magnetoresistance-effect element which has high 
nsitivity and hi^-reliability, the magnetic head, a magnetic-head assembly, and a magnetic recording medium. 
015] 

/leans for Solving the Problem] In order to attain the above-mentioned purpose, the magnetoresistance-effect element 
'this invention It has a nonmagnetic spacer layer, and the 1st ferromagnetic layer and the 2nd ferromagnetic layer 
hich were separated by the aforementioned non-magnetic-material spacer layer, the ferromagnetic layer of the above 
rt It has the magnetization direction which accomplishes the angle to which it has received in the magnetization 
rection of the ferromagnetic layer of the above 2nd when an impression magnetic field is zero, the ferromagnetic 
yer of the above 2nd It is a magnetoresistance-effect element containing the ferromagnetic film of the couple 
LUtually combined in antiferromagnetism, and the joint film which combines these in antiferromagnetism, separating 
le ferromagnetic film of the aforementioned couple. It is characterized by having the nonmagnetic quantity 
Dnductive layer which touches the 1st ferromagnetic layer in respect of the film surface which a means to maintain 
ne magnetization of the ferromagnetic films of the aforementioned couple in the ferromagnetic layer of the above 2nd 
)wards desired, and the ferromagnetic layer of the above 1st and the aforementioned nonmagnetic spacer layer touch, 
nd an opposite side. 

)016] A magnetoresistance-effect element with very high sensitivity is realizable with the above-mentioned 
omposition, maintaining the good bias point. 

3017] As a gestalt of desirable implementation of the above-mentioned composition, the aforementioned nonmagnetic 
uantity conductive layer becomes realizable [ the high MR rate of change by low Hcu realization and the spin-fiher 
ffect in an ultra-thin free layer ] by containing the element whose value of the specific resistance in the room 
^mperature of a bulk state is 10 or less microomegacm. 

001 8] moreover, it is characterized by the thickness which is the ferromagnetic layer of the above 1st being 0.5nm or 
Qore 4.5nm or less as composition suitable for realizing the effect of MR rate-of-change elevation by the object for 
ligh-density record, and the spin-filter effect by the nonmagnetic quantity conductive layer 
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dl9] Moreover, wave asymmetry (V1-V2)/(V1+V2) expressed with the absolute value VI of the reproduction output 
a right signal magnetic field and the absolute value V2 of the reproduction output in a negative signal magnetic field 
characterized by setting up the thickness of the aforementioned nonmagnetic quantity conductive layer, and the 
tckness of the ferromagnetic layer of the above 2nd so that it may become 0.1 or less 0.1 or more minus plus. In 
der to make wave asymmetry 0.1 or less 0.1 or more minus plus, it is not necessary to necessarily adopt SyAF and 
s pin layer of a monolayer may be used. In this case, it is desirable to use the monolayer pin layer of the magnetic 
ickness of 0.5 or more nmTs at 3.6 or less nmTs. 3. It is difficult to be satisfied [ with 6 or more nmTs ] of the above- 
^ntioned asymmetry, and is because MR rate of change becomes remarkably small in 0.5 or less nmTs. 
020] Moreover, it is t (HCL) (here) about the thickness of the aforementioned nonmagnetic quantity conductive 
/er. It tm(s) (pinl). it converted in Cu layer of lOmicro omegacm of specific resistance — the magnetic thickness 
tiich converted the thickness of the ferromagnetic film of the aforementioned couple in the ferromagnetic layer of the 
»ove 2nd by the saturation magnetization of IT, respectively When referred to as tm (pin2) (tm(pinl) > it is referred 
as tm (pin2)), it is characterized by satisfying 0.5 nm<=tm(pinl)-tm(pin2)+t(HCL) <=4nm and t (HCL)>=0.5nm. As 
ng as it satisfies this relation, you may use tm(pin2) =0, i.e., the pin layer of a monolayer. By satisfying the above- 
entioned relation, wave asymmetry becomes 0.1 or less plus by 0.1 or more minus, and high MR can be realized. 
021] Moreover, the ferromagnetic layer of the above 1st is characterized by the magnetic thickness which is the 
oduct of the thickness and saturation magnetization being less than 5 nmTs. 

022] Moreover, the copper which becomes advantageous [ the aforementioned nonmagnetic quantity conductive 
yer ] to having the conditions of low Hin realization (Cu), Gold (Au), silver (Ag), a ruthenium (Ru), iridium (Ir), It is 
laracterized by being the metal membrane which contains at least a kind of metallic element chosen from the group 
hich consists of a rhenium (Re), a rhodium (Rh), platinum (Pt), palladium (Pd), aluminum (aluminum), an osmium 
)s), and nickel (nickel). 

'023] Moreover, the aforementioned nonmagnetic quantity conductive layer is characterized by being formed from 
e cascade screen which carried out the laminating of the film more than two-layer at least for low Hin and soft- 
agnetism property control. 

)024] When using this cascade screen, it is not necessary to necessarily adopt SyAF and the pin layer of a monolayer 
ay be used. In this case, it is desirable to use the monolayer pin layer of the magnetic thickness of 0.5 or more nmTs 
3.6 or less nmTs. 3. It is difficult to be satisfied [ with 6 or more nmTs ] of the above-mentioned asymmetry, and is 
scause MR rate of change becomes remarkably small in 0.5 or less nmTs. 

)025] Moreover, the film which touches the ferromagnetic layer of the above 1st among the aforementioned cascade 
.Teens is characterized by including copper (Cu) as a material which was excellent especially for high MR rate of 
lange, low Hcu realization, and sofl-magnetism realization. 

)026] Moreover, the film which does not touch the ferromagnetic layer of the above 1st among the aforementioned 
iscade screens is characterized by including at least a kind of element chosen from the group which consists of a 
ithenium (Ru), a rhenium (Re), a rhodium (Rh), palladium (Pd), platinvim (Pt), iridium (Ir), and an osmium (Os) as a 
material excellent in low Hin, low Hcu, and especially soft-magnetism control. 

)027] Moreover, thickness of the aforementioned nonmagnetic quantity conductive layer is characterized by 0.5nm or 
lore being 5nm or less for realization of low Hcu and high MR rate of change. 

)028] Moreover, in order to realize low Hin and high MR rate of change, it is characterized by touching the 
forementioned nonmagnetic quantity conductive layer in the ferromagnetic layer of the above 1st, and the field of an 
pposite side, and having the layer which contains at least a kind of element chosen fi-om the group which consists of a 
mtalum (Ta), titanium (Ti), a zirconium (Zr), a tungsten (W), a hafhium (Hf), and molybdenum (Mo). 
)029] Moreover, the ferromagnetic layer of the above 1st is characterized by the bird clapper firom the cascade screen 
f the alloy layer containing a ferronickel (NiFe), and the layer containing cobalt (Co) hi^ MR rate of change and for 
Dfl-magnetism realization. 

3030] Moreover, the ferromagnetic layer of the above 1st is characterized by the bird clapper fi-om the alloy layer 
ontaining cobalt iron (CoFe) high MR rate of change and for sofl-magnetism realization. 
3031] Moreover, it is characterized by using an antiferromagnetic substance layer as a means to maintain the 
srromagnetic layer of the above 2nd towards desired for magnetization fixing of the ferromagnetic layer of the above 
nd. Although it is desirable that it is SyAF as for the 2nd ferromagnetic layer, the ferromagnetic layer of a monolayer 
5 sufficient as it. In the case of a monolayer, it is desirable for the magnetic thickness to be 3.6 or less nmTs in 0.5 or 
aore nmTs. 

0032] Moreover, it is XzMnl-z (X here) as a material of the aforementioned antiferromagnetic substance layer also 
fler process heat treatment because of high MR rate-of-change realization, at least a kind of element chosen fi-om the 
p-oup which consists of iridium (Ir), a ruthenium (Ru), a rhodium (Rh), platinum (Pt), palladium (Pd), and a rhenium 
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e) - carrying out — the composition ratio z — more than pentatomic % - below 40 atom % - it is - it is 
aracterized by using Also in this case, it is not necessary to necessarily adopt SyAF and the pin layer of a monolayer 
ly be used. In this case, it is desirable to use the monolayer pin layer of the magnetic thickness of 0.5 or more nmTs 
3.6 or less nmTs. 3. It is difficult to be satisfied [ with 6 or more nmTs ] of the above-mentioned asymmetry, and is 
cause MR rate of change becomes remarkably small in 0.5 or less nmTs. 

)33] Moreover, in order to ** high MR rate of change, it is characterized by using XzMnl-z (X considering as a kind 
element chosen fi-om the group which consists of platinum (Pt) and palladium (Pd) at least here, and the composition 
io z being below 65 atom % more than 40 atom %) as a material of the aforementioned antiferromagnetism layer, 
so in this case, it is not necessary to necessarily adopt SyAF and the pin layer of a monolayer may be used. In this 
se, it is desirable to use the monolayer pin layer of the magnetic thickness of 0.5 or more nmTs at 3.6 or less nmTs. 
It is difficult to be satisfied [ with 6 or more nmTs ] of the above-mentioned asjmimetry, and is because MR rate of 
ange becomes remarkably small in 0.5 or less nmTs. 

034] moreover, in order to realize realizing high MR rate of change, using more effectively the effect of the high MR 
:e of change by the nonmagnetic quantity conductive layer, and low Hcu, the aforementioned non-magnetic-material 
acer layer consists of a metal layer containing copper (Cu), and the thickness makes it the feature to 1 .5nm or more 
2.5nm or less 

035] Moreover, the ferromagnetic film of the aforementioned couple combined [ aforementioned ] in 
tiferromagnetism for the purpose of realizing high MR and raising an ESD-proof property and the thermal resistance 
a pin fixing layer Those thickness is equal, the ferromagnetic film which touches the aforementioned nonmagnetic 
acer side is thicker, and the difference of the magnetic thickness whose ferromagnetic film of the aforementioned 
•uple is the product of each thickness and saturation MAG is characterized by 0 or more nmTs being 2 or less nmT. 
036] Moreover, the aforementioned joint film which combines the ferromagnetic film of the aforementioned couple 
antiferromagnetic substance consists of a ruthenium (Ru), and the thickness is characterized by 0.8nm or more being 
2nm or less. 

037] On the other hand, the magnetoresistance-efifect head of invention of the 1 st of this invention The huge 
agnetoresistance-effect film which has an antiferromagnetism layer for fixing the magnetization of the 
brementioned magnetization fixing layer which has been arranged through a nonmagnetic interlayer, and by which 
e laminating was carried out at least to the magnetization fixing layer and the magnetization fi-ee layer of a couple, 
id the aforementioned magnetization fixing layer. And it sets on the magnetoresistance-effect head which has the 
ectrode of the couple for supplying current to the aforementioned huge magnetoresistance-effect film. It comes to 
irry out antiferromagnetism combination of the ferromagnetic layer of the couple which the aforementioned 
agnetization fixing layer becomes fi'om the ferromagnetic layer B arranged at the aforementioned ferromagnetic layer 
which has been arranged at the aforementioned nonmagnetic interlayer side ] A, and antiferromagnetism layer side 
trough a magnetic coupling layer. The aforementioned antiferromagnetism layer is a magnetoresistance-efifect head to 
hich orientation of the maximum **** is carried out, and it is characterized by the bird clapper so that the rocking 
irve half-value width of the maximum **** peak may become 8 degrees or less. 

)038] The magnetoresistance-effect head of invention of the 2nd of this invention The huge magnetoresistance-effect 
Im which has an antiferromagnetism layer for fixing the magnetization of the aforementioned magnetization fixing 
tyer which has been arranged through a nonmagnetic interlayer, and by which the laminating was carried out at least 
) the magnetization fixing layer and the magnetization fi-ee layer of a couple, and the aforementioned magnetization 
xing layer, And it sets on the magnetoresistance-effect head which has the electrode of the couple for supplying 
Lirrent to the aforementioned huge magnetoresistance-effect film. It comes to carry out antiferromagnetism 
Dmbination of the ferromagnetic layer of the couple which the aforementioned magnetization fixing layer becomes 
om the ferromagnetic layer B arranged at the aforementioned ferromagnetic layer [ which has been arranged at the 
forementioned nonmagnetic interlayer side ] A, and antiferromagnetism layer side through a magnetic coupling layer, 
or the aforementioned antiferromagnetism layer, the switched connection constant J with the aforementioned 
srromagnetic layer [ in / 200 degrees C / thickness is 20nm or less and ] B is 0.02 erg/cm2. It is the magnetoresistance- 
ffect head characterized by being above. 

D039] The magnetoresistance-effect head of invention of the 3rd of this invention The huge magnetoresistance-effect 
ilm which has an antiferromagnetism layer for fixing the magnetization of the aforementioned magnetization fixing 
iyer which has been arranged through a nonmagnetic interlayer, and by which the laminating was carried out at least 
D the magnetization fixing layer and the magnetization fi-ee layer of a couple, and the aforementioned magnetization 
ixing layer, And it sets on the magnetoresistance-effect head which has the electrode of the couple for supplying 
urrent to the aforementioned huge magnetoresistance-efifect film. It comes to carry out antiferromagnetism 
ombination of the ferromagnetic layer of the couple which the aforementioned magnetization fixing layer becomes 
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om the ferromagnetic layer B arranged at the aforementioned ferromagnetic layer [ which has been arranged at the 
brementioned nonmagnetic interlayer side ] A, and antiferromagnetism layer side through a magnetic coupling layer, 
hickness is 20nm or less, and the aforementioned antiferromagnetism layer is Zx Mn 1 -x (it Ir(s) Z). It is the at least 1 
ord chosen from Rh, Ru, Pt, Pd, Co, and nickel. 0< x<0.4 and Zx Mn 1-x (Z is at least one sort chosen from Pt, Pd, 
id nickel) It is 0.4<=x<=0.7 or the magnetoresistance-effect head characterized by the thing of Zx Cr 1-x (at least one 
>rt, 0< x<l as which Z was chosen from Mn, aluminum, Pt, Pd, Cu, Au, Ag, Rh, Ir, and Ru) included for any one sort 
least. 

»040] The magnetoresistance-effect head of invention of the 4th of this invention The huge magnetoresistance-effect 
Im which has an antiferromagnetism layer for fixing the magnetization of the aforementioned magnetization fixing 
yer which has been arranged through a nonmagnetic interlayer, and by which the laminating was carried out at least 
• the magnetization fixing layer and the magnetization free layer of a couple, and the aforementioned magnetization 
xing layer, In the magnetoresistance-effect head which has the electrode of the couple for supplying current to the 
brementioned huge magnetoresistance-effect film, and the vertical bias layer of the couple to the aforementioned 
age magnetoresistance-effect film It comes to carry out antiferromagnetism combination of the ferromagnetic layer of 
le couple which the aforementioned magnetization fixing layer becomes from the ferromagnetic layer B by the side of 
le ferromagnetic layer A by the side of the aforementioned nonmagnetic interlayer, and the aforementioned 
itiferromagnetism layer through a magnetic coupling layer. The electrode of the aforementioned couple is a 
lagnetoresistance-eflfect head characterized by having an electrode spacing narrower than the interval of the 
forementioned vertical bias layer. 

)041] In addition, the composition of the 1st or 4th magnetoresistance-effect head mentioned above is also applicable 
5 composition of a magnetoresistance-effect element as it is. 

)042] Moreover, the magnetic disk drive equipment of this invention is characterized by providing the 
lagnetoresistance-effect head of the above-mentioned this invention. And invention of the magnetic disk drive 
juipment of this application is characterized by having the mechanism in which magnetization of the aforementioned 
lagnetization fixing layer is made to fix in the predetermined direction, using the magnetic field generated by 
applying current to the aforementioned magnetoresistance-effect element of the magnetoresistance-effect head of the 
DOve-mentioned this invention. 

)043] Furthermore, the manufacture method of the magnetoresistance-effect head of this invention is after membrane 
)rmation of the aforementioned huge magnetoresistance-effect film, and before it performs patterning, it is 
laracterized by performing heat treatment among a magnetic field and making the direction of magnetization fix in 
le predetermined direction to the aforementioned ferromagnetic layer A and the aforementioned ferromagnetic layer 

)044] On the other hand, the magnetoresistance-effect element based on other forms of this invention The spin bulb 
hn which has at least the two-layer magnetic layer arranged through the nonmagnetic interlayer of at least one layer, 
tid the aforementioned nonmagnetic interlayer. In the magnetoresistance-effect element possessing the electrode of 
le couple which supplies sense current to the aforementioned spin bulb film the aforementioned spin bulb film The 
nprovement layer in the magnetoresistance effect which turns into the aforementioned normiagnetic interlayer of the 
forementioned magnetic layer from the cascade screen of two or more metal membranes which touch the field of an 
pposite side, It has the non-magnetic layer which has the ground function or protection feature which touches the 
forementioned magnetic layer of the aforementioned improvement layer in the magnetoresistance effect with the field 
fan opposite side. And it is characterized by the element which mainly constitutes the metal membrane which touches 
le aforementioned magnetic layer among the aforementioned improvement layers in the magnetoresistance effect not 
issolving with the element which mainly constitutes the aforementioned magnetic layer. 

3045] The magnetoresistance-effect element of this invention With or the nonmagnetic interlayer of at least one layer 
1 the magnetoresistance-effect element possessing the spin bulb film which has at least the two-layer magnetic layer 
rranged through the aforementioned nonmagnetic interlayer, and the electrode of the couple which supplies sense 
urrent to the aforementioned spin bulb film The aforementioned spin bulb film has the improvement layer in the 
lagnetoresistance effect which tums into the aforementioned normiagnetic interlayer of the aforementioned magnetic 
iyer from the metaled monolayer or metaled cascade screen which touches the field of an opposite side. And while the 
lement which mainly constitutes the aforementioned improvement layer in the magnetoresistance effect does not 
issolve with the element which mainly constitutes the aforementioned magnetic layer which the aforementioned 
nprovement layer in the magnetoresistance effect touches, the aforementioned improvement layer in the 
lagnetoresistance effect is characterized by having the alloy layer of a noble-metals system at least. 
0046] The magnetoresistance-effect element of this invention With or the nonmagnetic interlayer of at least one layer 
n the magnetoresistance-effect element possessing the spin bulb film which has at least the two-layer magnetic layer 
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inged through the aforementioned nonmagnetic interlayer, and the electrode of the couple which supplies sense 
rent to the aforementioned spin bulb film While the aforementioned magnetic layer of at least one layer is arranged 
Dugh the improvement layer in the magnetoresistance effect which has at least the cascade screen of two or more 
tals, and one side of an alloy layer It is characterized by the element which has two or more ferromagnetics 
nbined magnetically, and mainly constitutes the aforementioned improvement layer in the magnetoresistance effect 
dissolving with the element which mainly constitutes the aforementioned ferromagnetic which the aforementioned 
Drovement layer in the magnetoresistance effect touches. 

»47] Here, in three sorts of above-mentioned magnetoresistance-efifect elements, the improvement layers in the 
gnetoresistance effect are an interface with a magnetic layer, an interface in a cascade screen, an interface with a 
►und layer or the non-magnetic layer as a protective layer, etc., show the electronic specular reflection effect as an 
imple of an effect, and, thereby, raise the magnetoresistance effect of a spin bulb film. Moreover, when a fi-ee layer 
x)mes thin, high MR rate of change can be maintained by canceling dispersion diffiisive in an electron and raising 
: permeability of rise spin by the improvement layer in the magnetoresistance effect here acting as a nonmagnetic 
antity conductive layer mentioned above, and forming the interface of an ultra-thin free layer and a nonmagnetic 
antity conductive layer with the combination of material [ **** / un-]. Since it is an interface [ **** / un-], with heat 
atment etc., an interface is stable and can cancel decline in MR rate of change. The improvement layer in the 
ignetoresistance effect in this invention is not based only on the specular reflection effect, and control of the crystal 
e structure of a spin bulb film, improvement in the magnetoresistance effect by reduction of a magnetostriction, etc. 
ng it about fiarther so that it may explain in fiill detail behind. 

)48] Moreover, in three sorts of above-mentioned magnetoresistance-eflfect elements, when the magnetic layer which 
5 improvement layer in the magnetoresistance effect touches consists of Co or a Co alloy as concrete composition of 
J improvement layer in the magnetoresistance effect, it is characterized by including at least one sort of elements 
osen from Cu, Au, and Ag. Moreover, when the magnetic layer which the improvement layer in the 
Ignetoresistance effect touches consists of a nickel alloy, it is characterized by including at least one sort of elements 
osen from Ru, Ag, and Au. The thing containing elements, such as Cu, Au, Ag, Pt, Rh, Ru, aluminum, Ti, Zn, Hf, 
1, and Ir, is applicable to the improvement layer in the magnetoresistance effect. 

049] When applying an alloy layer to the improvement layer in the magnetoresistance effect, as an alloy which 
nstitutes it, an AuCu alloy, a PtCu alloy, an AgPt alloy, an AuPd alloy, an AuAg alloy, etc. are illustrated. Moreover, 
len applying a cascade screen to the improvement layer in the magnetoresistance effect, as for a cascade screen, it is 
sirable to have two or more metal membranes which have the relation of dissolution mutually. However, it is also 
»ssible to use the cascade screen of two or more metal membranes which have a non-dissolving relation. 
050] Furthermore, in three sorts of above-mentioned magnetoresistance-effect elements, this is arranged in contact 
ith a magnetic layer, using a magnetic layer, and the cascade screen and alloy layer of a metal membrane which have 
aon-dissolving relation as an improvement layer in the magnetoresistance effect. Moreover, when a free layer 
jcomes thin, high MR rate of change can be maintained by canceling dispersion diffusive in an electron and raising 
e permeability of rise spin also here by the improvement layer in the magnetoresistance effect acting as a 
)nmagnetic quantity conductive layer mentioned above, and forming the interface of an ultra-thin free layer and a 
)nmagnetic quantity conductive layer with the combination of material [****/ un-]. Since it is an interface [****/ 
1-], with heat treatment etc., an interface is stable and can cancel decline in MR rate of change. The interface of the 
iprovement layer in these magnetoresistance effects and a magnetic layer is excellent in composition ****** based 
1 a non-dissolving relation, and this state is fiirther maintained after a tiiermal process. Therefore, the improvement 
yer in the magnetoresistance effect can be effectively operated as a specular reflection film (interface reflective film), 
id contributes to the improvement in a property of a magnetoresistance-effect element greatly. Since the improvement 
ffect of this magnetoresistance-effect property is not lost after a thermal process, it can offer the magnetoresistance- 
ffect element excellent in thermal resistance. In other words, according to this invention, by the conventional spin 
ulb film, MR property spoiled by process annealing by the diffusion and mixing by the interface can keep it good 
fter process annealing. 

)051] As a modification of the magnetoresistance-effect element of this invention which was mentioned above At 
jast ttie nonmagnetic interlayer of at least one layer, and the two-layer magnetic layer arranged through the 
forementioned nonmagnetic interlayer. In the magnetoresistance-effect element possessing the spin bulb film which 
as the antiferromagnetism layer which fixes magnetization of at least one layer among the aforementioned magnetic 
iyers, and the electrode of the couple which supplies sense current to the aforementioned spin bulb film The 
forementioned antiferromagnetism layer is arranged in contact with the improvement layer in the magnetoresistance 
ffect which has at least the cascade screen of two or more metals, and one side of an alloy layer. And the element with 
irhich the element which mainly constitutes the aforementioned improvement layer in the magnetoresistance effect 
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rlTor^lrrJ^^^^^^^ antifem>magr.etism layer, and the magnetoresist^ce-effect element for which it 

3052] At least the two-layer magnetic layer arranged through the nonmagnetic interlayer of at least one layer and the 
forementioned nonmagnetic mt«-layer as other modifications, In the magnetoresistance-effect element pSskg Z 
pm bulb film which has the antifeiromagnetism layer which fixes magnetization of at least one lay^ m^oSe 

pin bulb film The afor«n«itioned antiferromagnetism layer is arranged in contact with the improvement layer in Ae 
lagnetoresistance effect which has at least the cascade screen of two or more metals, and one side of an alloy lay ^ 
Old the ma^etoresistance-effect element containing at least one sort of elements with which the aforementioned 
XrL"^Tnt!onrd" "^^^^^^^^^^^ ^^-^ - chosen from Cu, Au, Ag, Pt, Rh, Ru, aluminum, nfr'm'pd, 

)053] the improvement layer in the magnetoresistance effect in this invention functions effectively also to 
nprovement in the magnetoresistance effect based on control of not only the effect as high MR maintenance when the 
■ee layer by flie specular reflection film and the stable interface is thin but the film fine sS!,ctoe3 Ae 
lagnetostnction control which is the magnetosensitive layer which consists of Co system magnetic materials such as 
CoFe alloy for example, Cu gromid lay«- - if independent - for example, the lattice spacing of a CoFeTlo; -- smdl 
becoming - passing on the other hand - Au ground layer - if independent, the lattice spLing of a CoFe alloy 
.comes large too much On the other hand by using a cascade screen and an alloy layer which w^em«^Soned above 
4 Co system magnetic matena s, such as Co as a magnetosensitive layer, and a CoFe alloy, into a lattice s^ackig 
Tectave in a low magnetostiiction, and let d (111) lattice spacing be the range of 0.2055-0 2085nm A 
tagnetoresistance-efifect property improves also by such magnetostriction control 

»054] Furthermore, when aiming at improvement in a property of a spin bulb film, suppression of the atomic diffiision 
/ the gram bound^ etc is effective. In order to suppress the atomic diffusion by the iain boundary it is desirable to 
m the gTBin boundaiy of a spin bulb film big and rough, and to lower grain boundary density SSVer it is 
^sirable Aat it is the structure which should also be called false single crystal film which is the usual not the train 
>undary but so-called sub gram boundary which does not almost have a gap of the orientation within a fidd thTgh 
e grain boundaiy exists. A sma^l angle tilt boundary etc. is mentioned as an example of such a sub grain boim^^ 
ISO o formation of such a small angle tih boundaiy, the improvement layer in the magnetoresistancfeffect 
vention IS effective, by applying the improvement layer in the magnetoresistance effect which consists of tiie cTscade 
reen and alby layer of a metal membrane which was mentioned above, can carry out fee (111) orientation of ^esp^^ 
lb film, and can make a gap of the direction of crystal orientation between the crystal gra n in a film surface iSs tC 
) degrees. A magnetoresistance-effect property improves also by such crystal grain con?ol of a sprbX film 
055] The magnetoresistance-effect elemem of this invention is a thing based on the technology of reducing ' 
agnetostiictions, such as a CoFe alloy mentioned above, by the Au-Cu alloy or the Au/Cu cascade screen With or 
e nonmagnetic interlayer of at least one layer In the magnetoresistance-effect element possessing the spin buftfiL 

ii^nSf "^'i ^''t T ""'i^"*^'^ '^y^ ^^^"^ *^°"Sh the aforementioned noLagnetic intei^aj^r and 
scti^ode of tire couple which supphes sense current to tiie aforementioned spin bulb film the above - fee m T 
lentation of the magnetic layer from which the magnetization direction changes with external magnetic fields among 
o-layer magnetic layers even if few is carried out, and it is characterized by d (1 1 1) lattice spacinfbeSig 0 2oS^ 

056] As for d (1 1 1) lattice spacing of a magnetic layer, in the magnetoresistance-effect element mentioned above it 
desn-able that it is the range of 0.2055-0.2085mn. Moreover, the magnetic layer from which the ma^etiStion 
rection changes with external magnetic fields consists of Co or a Co alloy mdgnenzanon 
057] The magnetoresistance-effect element of this invention mentioned above is used for tiie magnetic head and the 
acetic recording medmm of tins invention. That is, tiie magnetic head of this invention is characlSz^ Ty p^tid^^g 
-nShTSf " r^^^^^'' "l^g^^to^esistance-effect element of the above-mentioned this inventLn foimed 
ZXv I M pP^i"^*'!:; n;«g"etic gap on the aforementioned bottom magnetic-shielding layer, and the top 
igne ic-shieldmg layer formed tiirough the bottom reproduction magnetic gap on tiie aforemerftioned 
ignetoresistance-effect element. 

^^f^J^LTrT^'^f^'^'^^^^J above-mentioned tiiis invention by which the magnetic head of the 

:/play separate-type of tins invention was formed through tiie bottom reproduction magnetic gap on tiie bottom 
ignetic-shie ding layer arid tiie aforementioned bottom magnetic-shielding layer. The r^roduciSg S^d wWclThas 
J top ma^etic-shidding layer formed tiirough the bottom reproduction magnetic gap on tiie aforfmentio~ 

"^^1^"::^"^ "'T'' " ^^T'Tf ' h^^' ^^^^^ the aforemeSioned 
J magneticshieldmg layer, tiie communalized bottom magnetic pole, tfie record magnetic gap formed on tiie 
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)rementioned bottom magnetic pole, and the top magnetic pole prepared on the aforementioned record magnetic gap. 

)59] The magnetic-head assembly of this invention is characterized by providing the head slider which has the 
ignetic head of the rec/play separate-type of the above-mentioned this invention, and the arm which has the 
spension in which the aforementioned head slider was carried. Moreover, the magnetic recording medium of this 
/ention is characterized by providing the head slider equipped with the magnetic head of the rec/play separate-type 
the above-mentioned this invention which reads a signal by the magnetic field which writes a signal in a magnetic- 
wording medium and the aforementioned magnetic-recording medium by the magnetic field, and is generated from 
5 aforementioned magnetic-recording medium. 
060] 

mbodiments of the Invention] Hereafter, it explains in detail, referring to a drawing about the gestalt of operation of 
is invention. 

restalt : thin-film-izing of a free layer of the 1st operation) The gestalt of implementation of invention about "thin- 
m-izing of a free layer" is explained to the beginning. 

061] Before here explains the gestalt of operation of this invention, the technical problem about "thin-film-izing of a 
^e layer" which this invention person has recognized in process in which it results in this operation gestalt is 
iplained in full detail. 

062] In a magnetoresistance-effect element, as mentioned above, in addition to the rise of MR rate of change, the 
rge improvement in sensitivity is realizable with thin film-ization (reduction of a Ms*t product) of a free layer. If it 
ys roughly, an output will increase in inverse proportion to the size of the Ms*t product of a free layer. However, it 
jcame clear about thin-film-izing of a free layer that the following problems arise as a result of examination which 
is invention person performed xmiquely, 

063] As the 1 st problem, it is mentioned that the bias point design at the time of sense current energization is 
fficult. If the bias point comes in the center of a portion with the alignment-inclination of a transfer curve when the 
agnetic field which starts at the time of head operation all carries out a leg, it will be called the optimal bias state, 
owever, if the thickness of a free layer becomes thin, since the inclination of a transfer curve will become steep, it 
5comes very difficult to have the bias point in the center of the alignment field of a transfer curve. If the bias point 
5Comes bad, and the asymmetry (asymmetry) of a signal will come out or it will become still worse, it becomes 
ipossible to completely take an output level, 

1064] As the 2nd problem, if a free layer is thinned very much with the conventional technology, MR rate of change 
ill produce the problem which falls sharply. Reduction of MR rate of change brings about the fall of a reproduction 
jtput. 

1065] Drawing 7 is a conceptual diagram for explaining two problems enumerated above. That is, this drawing 
cpresses the transfer curve of the magnetic head which used the magnetoresistance-effect element, and when a free 
yer is thick, this drawing (b) expresses this drawing (a), respectively, when a free layer is thin. Since the inclination 
fa transfer curve will become steep (Hs becomes small) and MR rate of change will decrease if a free layer becomes 
lin as mentioned above, drawing 7 shows that two problems that deltaV becomes small arise. 
)066] Among the above-mentioned problems, the problem especially about the bias point has not been easily 
jcognized, even if the membrane structure was determined, but it reached to an extreme of design top difficulty, "a 
ap" which this invention person carried out modeled calculation this time, and was obtained on the result and 
xperience — an amendment — the bias point was able to be judged by things The calculation technique of the bias 
oint is described below. 

)067] The bias point is shifted by various external magnetic fields which join a free layer. This shift can be 
pproximated as the sum of 1. current magnetic field (Hcu), the static magnetic field (Hpin) from 2. pin layer, the layer 
)int magnetic field (Hin) from the pin layer through 3. spacer, and the disclosure magnetic field (Hhard) from 4. hard 
ias film. In the magnetic field of the above 1 -4, the hard bias magnetic field of 4. is comparatively small. Then, this 
ivention person inquired wholeheartedly paying attention to the sum of the magnetic field of the above 1-3. The 
Drmula of the bias point used this time is shown below. 
3068] 

. p.=50x(Hshift/Hs)+50 (1-1) 

Ishift =-Hin+Hpin**Hcu (1-2) 

Is =Hdfree + Hk(l-3) 

Idfree =pi2 (Ms*t) free/h (1-3-1) 

Ipin =pi2 (Ms*t) pin/h (1-4) 

Icu=2piCxIs/h(l-5) 
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=(I1 -I3)/(I1 +12 +13) (1-5-1) 

Te, b.p. of a formula (1-1) is the bias point [%] observed this time. The rated-bias point is 50%, and if it includes to a 
irgin, it can be called bias point with 40 - 60 usable%. If the bias point shifts from these values, asymmetry 
jynmietry) cannot come out, or it will become impossible to completely take an output, in being severer. 
)69] When asynmietry becomes +10% when the bias point becomes 40%, and the bias point becomes 60%, as for 
I relation between a bias point value and asymmetry, asymmetry becomes about -10%. As for the rated-bias point in 
s calculation, 30 - 50% becomes an optimum value not on 40 - 60% but on experience so that it may mention later. 
370] Drawing 8 is the graphical representation showing the relation between the bias point value on calculation, and 
5 regenerative-signal wave of a head. At the time of 30 - 50% of bias point value, asynmietry is comparatively small, 
d shows a good signal wave form at it. If the bias point comes to the place shifted, asymmetry will become large so 
it drawing 8 may show, and it will become impossible however, to use practically from the range. 
371] Hshift is the sum [Oe] of each magnetic field which joins a free layer, as expressed with a formula (1-2). Hs is 
inclination on a transfer curve, as drawing 7 also showed. 

072] Drawing 9 is explanatory drawing showing the relation of each of these magnetic fields. 
073] Hdfree is the anti-magnetic field of the free layer in a certain MR height length, h is MR height length [mum]. 
3in is a pin disclosure magnetic field which joins a free layer from a pin layer. (Ms*t) free is the product of the total 
turation magnetic field Ms of a free layer, and Thickness t, and pin(s) (Ms*t) are the saturation magnetization of the 
n layer (magnetic thickness of the pin layer of the upper and lower sides to the case of synthetic AF difference) of the 
stwork of a pin layer, and the product of thickness. 

074] Hcu is a current magnetic field which joins a free layer, and Is is sense current [mA]. The coefficient C in a 
rmula (1 -5-1) is the ratio of current diverging which flows in the layer of the upper and lower sides of a free layer. 
075] Drawin g 10 is a conceptual diagram showing the current diverging 11-13 which flows each class. 
076] In the calculation explained here, since it is easy, neither the influence of the ABS side edge section nor the 
fluence of a shield is taken into consideration, the estimate of the bias point by the calculation which this invention 
5rson performed, and an actual head — ** — if — it has become clear on experience that the bias point shifts to a way's 
■calculation minus side about about 10% If order plus-or-minus 10% takes the usable bias point into consideration 
om the place of the rated-bias point, it can be called the point of 30% - 50% of bias point value acquired by 
ilculation good [ however ]. Therefore, at the time of the value of 30% - 50%, it can be judged that the practically 
)od bias point was obtained on the bias point obtained by calculation as shown above. 

1077] The spin bulb film known concretely below until now is taken for an example, and a trouble is explained in 
jtail using the bias point formula mentioned above. 

he example 1 of comparison: It is usually a spin bulb (with no spin-filter-less x synthetic AF). 
a5/NiFe2/Co0.5/Cu2/CoFe2/IrMn7/Ta5 (a unit is nm) (1) 

he above (1) expresses the laminated structure of a spin bulb, and expresses the element and thickness (nm) which 
institute each class. This example of comparison is a film on extension of the conventional technology which made 
aly the free layer thin by the spin bulb film conventionally [ so-called ]. The bias point was calculated in this film 
:)mposition. 

)078] In the bias point formula of - (1-1) (1-5) formula mentioned above, the current magnetic field of a formula (1-5) 
. difficult to ask especially. The reason is that it is difficult to ask for the current diverging ratio C of a formula (1-5- 
). In a thin film, the specific resistance of each class is because the resistivity of bulk is remarkable and values differ 
1 response to the influence of crystallinity, a current distribution, etc. Since calculation which as actually as possible 
*(ed) it was performed, this invention person was able to ask for the current diverging ratio C with a sufficient 
recision by performing the following devices this time. 

3079] In order to ask for the specific resistance of each class, some films changed to order plus-or-minus 2nm were 
roduced, and the thickness of a layer and the relation of conductance which observe were extrapolated in a straight 
ne and it asked for them to produce the spin bulb film of the above-mentioned composition, and ask for the specific 
ssistance of a certain layer. The reason searched for such is that the actually based value does not become by the 
schnique of asking for specific resistance by the monolayer of the thin film used well. In order to make influence of 
rystalline, and influence of a current distribution as small as possible, it became clear by examination of this invention 
'crson that it is most accurate to make it the material as practice even with the same up-and-down film, and to see the 
onductance difference in a minute thickness range which was mentioned above. 

0080] Since not only the influence of crystalline is small, but the specific resistance of each class for which it asked by 
his technique includes the influence of a current distribution, precision becomes good considerably from the current 
liverging ratio C of the formula (1-5-1) for which it asked by the simple parallel conductor using the specific 
esistance of a monolayer. By adoption of this technique, precision is raised more and the conventionally difficult 
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urrent magnetic field can be expected now also by calculation. 

3081] As a result of asking for the specific resistance of each class by the above technique, NiFe is 20micro omegacm. 
'oFe is 13microomegacm. Spacers Cu are Smicroomegacm. IrMn was set to 250microomegacm. Here, since specific 
ssistance was not able to change rapidly by crystallization and the influence of a scaling object was not able to 
alculate an exact large value about Cap Ta, either, when thickness was thickened about Ta (tantalum) of a ground, it 
/as assumed that it was lOOmicroomegacm. It asked for the current diverging ratio of each class using these values, 
nd the current magnetic field Hcu was calculated by the formula (1-5). 

3082] Moreover, 250e(s) of an actual measurement were used as a value of Hin. Hpin was calculated by the formula 
1-4). 

3083] Since height length becomes short with this film composition while pin thickness has been thick, the disclosure 
lagnetic field Hpin which joins a fi-ee layer fi-om a pin layer becomes large and much current flows above the fi*ee 
iyer bottom, the current magnetic field Hcu which joins a fi-ee layer is also large. Therefore, by the big current 
lagnetic field Hcu, thinking as the design technique of the bias point will cancel and carry out bias point adjustment, 
nd it will have big Hpin. 

3084] When sense current is set to 4mA, the result of the bias point value calculated using the above-mentioned value 
; shown in Table 1. 

able 1 : Bias point MR heightO.Smicrometer obtained by calculation of film of example 1 of comparison 70%0.5 
licrometers 61%0.7 micrometers As shown in Table 1 53%, in MR height of 0.3-0.5 micrometers, the bias point is 61 
70%, and is exceeded rather than the value considered on calculation to be the optimal bias point value. 
3085] Drawing 1 1 is a conceptual diagram showing the state of the bias point in this example of comparison. That is, 
/hen MR height is narrowed, it turns out that the bias point shifts to an anti ferro side (larger side than 50%). In order 
3r mechanical polishing to perform MR height, dispersion will surely come out of it. Dispersion in such MR height 
hows that the yield becomes very bad. It originates in that this tends to adjust the bias point by the very unstable 
jchnique of canceling the big pin disclosure magnetic field Hpin by the big current magnetic field Hcu as expressed to 
rawing 1 1 if it says qualitatively. 

3086] Moreover, the film of this example of comparison has a still more essential problem besides the bias point. It is 
lat MR rate of change falls, when the ultra-thin fi-ee layer made into the object by this invention is adopted. As a fact 
/hich this invention person acquired experimentally, if the thickness of a free layer becomes thin, that MR rate of 
hange after process heat treatment deteriorates extremely will pose a big problem. For example, after process heat 
•eatment, it will decrease to MR rate of change being about 1 1% in as-depo (state [ having as-deposited : deposited ]) 
/ith the composition of the example 1 of comparison even in the size of the abbreviation half of 5.6% of MR rate of 
hange, and as-depo. Now, the spin bulb film of high-density correspondence is unrealizable. 
3087] fiirthermore, since all the thickness of each class is becoming thin in this spin bulb film, field resistance of a 
pin bulb film also becomes a big value about 30ohms, and is not practical from the point of an electrostatic discharge 
ESD:Electric Static Discharge) It is because it becomes easy to happen the more the more the resistance of ESD is 
trong, as known well. 

3088] The above thing shows that there is simply nothing by practical film by which the film of the example 1 of 
omparison is adopted as the head for high-density record. 

Tie example 2 of comparison: U.S. Pat. No. 5422591 (with no x synthetic AF with a spin filter) 
a5/Cux/NiFel .5/Cu2.3/NiFe5/FeMnl l/T^5 (a unit is nm) (2) 

1 order to improve MR in an ultra-thin free layer, the spin bulb film of composition of having carried out the 
iminating of the high conductive layer to the free layer in the spacer non-magnetic layer and the opposite side is 
roposed. For example, patent No. 2637360, U.S. Pat. No. 5422591, U.S. Pat. No. 5688605, etc. can be mentioned. 
3089] The film of the above (2) is the example of a spin bulb film based on U.S. Pat. No. 5422591. In this spin bulb 
ilm, in the spacer Cu of a free layer, since it will become a simple shunt layer by thickening Cu ** which touched the 
pposite side if the mean free patii of rise spin is long, MR rate of change goes up by the bird clapper and Cu ** is 
lickened more than a mean free path, it has the inclination to take the peak of MR rate of change by a certain Cu **. If 
lis phenomenon is used, a part of reduction of MR rate of change in the ultra-thin free layer which was one trouble in 
le example 1 of comparison is improvable. 

3090] However, by the spin bulb film of the above (2) based on U.S. Pat. No. 5422591, it has film composition which 
5 called the thermal resistance of the bias point and MR rate of change and which has a problem at two points. 
3091] First, about the viewpoint of the bias point, a direct publication or an indirect suggestion are not indicated at all 
1 the specification of U.S. Pat. No. 5422591. And the film of (2) is composition which is not employable with an 
ctual head at all. The reason is explained in fiill detail below. 

3092] The current magnetic field Hcu was first computed using the specific resistance of each class experimentally 
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)100] In order to show that, the bias point in the film of this composition of having asked by calculation is shown in 
able 3. 

)101] Table 3: The bias point MR height in fihn of example of comparison (3) NiFe 5nm NiFe 3nm0.3micrometer 
6% 108%0.5 micrometers 83% 104%0.7 micrometers 81% As Hin, the value of lOOe was used 100% here. It turns 
ut that the bias point has shifted to the plus side by the film of the composition of the example of comparison (3) even 
'hen NiFe thickness is 5nm primarily if Table 3 is seen, and the bias point exceeds in a plus side increasingly if free 
lyer NiFe thickness becomes thin with 3nm although it is the composition which cannot say it as a good design. 
)102] Drawing 13 is a conceptual diagram showing the relation of the determination element of the bias point in this 
sample of comparison. Since only die current magnetic field Hcu has been reduced while Hpin has been large as 
•cpressed to this drawing, in the place where the bias point has thin free thickness, it has composition which cannot be 
iken at all. That is, since the time of the place which added all current magnetic fields Hcu, layer joint magnetic fields 
iin, and pin disclosure magnetic fields Hpin becoming zero is a rated-bias point point, even if it is going to bring a 
arrent pin center,large close to a free layer like the structure of the above (3) and is going to make only a current 
lagnetic field into zero, it becomes the film design which is completely meaningless. 

)103] Furthermore, the point that high MR rate of change required for densification cannot be obtained as fauh of the 
nd point which the structure of the above (3) has can be mentioned. That is, in the structure of (3), since the material 
f comparatively high resistance is inserted between the high conductive layer and the free layer as a diffrision 
revention layer, when it becomes an ultra-thin free layer, the spin-filter effect of MR which is obtained by the Gumey 
atent is no longer acquired. MR rate of change will fall by the film of the composition of a free layer which 
emonsfrates power especially by this invention explained in fiill detail behind of (3) from a field 4.5nm or less. 
)104] Above, for the reason of two points, the structure of the above (3) is the way of thinking in the field where a 
ee layer is comparatively thick strictly, and it turns out that it does not become practical fihn composition at all in an 
Ifra-thin free layer. 

)105] The example 4 of comparison: Spin-filter-less x synthetic 

.FTa5/NiFe2/CoFe0.5/Cu2/CoFe2.5/Ru0.9/CoFe2/IrMn7/Ta5 (a unit is nm) (4) In this example of comparison, in 
rder to raise a pin property, synthetic AF structure was adopted. Anti ferro distributor shaft coupling 
intiferromagnetism combination) of the two-layer ferromagnetic layer through Ru (ruthenium) is carried out. On the 
ther hand, the ferromagnetic layer of one of these has fixed to ** with the antiferromagnetism film. By adoption of 
r'nthetic AF structure, with normal pin structure, it becomes possible to use, if there is a certain amount of size on the 
ther hand even when the tropism anisotropy field Hua is small, and pin thermal resistance improves. Moreover, as 
(ready stated, with synthetic AF structure, each other [ layer / ferromagnetic / of the upper and lower sides through 
u ] magnetization direction has turned to the retrose, and since the joint magnetic field is far larger than the medium 
la^etic field at the time of Number kOe and head operation, as for the magnetization moment which comes out 
utside, the difference of Ms*t of an up-and-down pin layer is considered to be the moment of a network in 
pproximation. That is, it becomes possible to make small influence of a ****** pin disclosure magnetic field at a free 
lyer, and the bird clapper is advantageously expected on the bias point (JP,7- 169026, A). 

)106] For example, in the case of die example of comparison, it is thought with a 0.5nm pin layer that pin ** of a 
etwork is equivalent, and a pin disclosure magnetic field equivalent to an unrealizable thin pin layer can be realized 
ith normal pin strucmre. Ideally, if an up-and-down pin layer is arranged with the same Ms*t product, a pin 
isclosure magnetic field will be called zero. Only by reducing such a pin disclosure magnetic field, it was thought that 
le bias point design of a densification correspondence spin bulb film was enough. However, in the ultra-thin free layer 
f high-density correspondence, this invention person found out diat the bias point stabilized only with synthetic AF 
xucture was unrealizable this time. The content is explained below. 

)107] Drawing_14 is a conceptual diagram showing the relation of the determination element of the bias point in this 
sample of comparison. That is, in die composition of this example of comparison, since the free layer is located in the 
lace from which it separated gready from die current pin center,large of the current distribution of a spin bulb film, 
le currerit magnetic field Hcu is very large. At most by about 20 Oes, it is in die state where current is not passed at all 
lat die pin disclosure magnetic field is also very small by adoption of syntiietic AF structure, and Hin is in the state of 
ias almost just. If current is passed by die spin bulb film of diis composition, the more it passes current, the more it 
ill shift from bias just by the big current magnetic field Hcu. 

)108] The result of the bias point calculation about this example of comparison is shown in Table 4. 
)109] Table 4: The bias point MR height obtained by calculation of film of example 4 of comparison Hcu**Hpin** 
[cu**Hpin**0.3micrometer 88% 22%0.5 micrometers 80% 16%0.7 micrometers 73% The value of 20Oe(s) was used 
3 Hin 10% here. Table 4 shows tiiat die bias point cannot realize 30 - 50% of value, whichever it passes current to die 
iDse as expected. 
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)1 10] This is not desirable although a pin disclosure magnetic field is made small as much as possible, and it is got 
locked with this structure as a means to obtain bias just, and is equal in the pin thickness of the upper and lower sides 
'ith synthetic AF structure, that is, the technique which it has in bias just by the current magnetic field can be 
Dnsidered so that a pin disclosure magnetic field may be mostly made into zero, and Hin may be enlarged if possible 
ad the big Hin may be canceled. It not only shifts the aligmnent field of an extemal-magnetic-field response simply, 
ut big Hin brings about the bad influence which decreases an alignment field. Moreover, it is very difficult to control 
[in by the small value uniformly, and it is not desirable that it is going to control by the big value uniformly 
nnaturally, and is going to produce a spin bulb film although it is good, even if it thinks fi^om the point of mass 
reduction method. 

)11 1] Moreover, since there is no high conductive layer in the spacer of a fi-ee layer, and the field of an opposite side, 
t the time of an ultra-thin fi-ee layer, MR rate of change deteriorates in the completely same reason as the example 1 of 
Dmparison, and ou^ut sufficient as a head for high-density record cannot be secured. This is also an essential 
roblem. 

)1 12] As mentioned above, by the spin bulb film by adoption of only synthetic AF structure, it cannot perform 
jalizing the ultra-thin fi-ee layer spin bulb film for high-density record at all fi-om two points of the bias point and high 
ower. 

)1 13] As explained in fiiU detail above, by the film of composition [ like the examples 1-4 of comparison ] whose this 
ivention person is, the stable bias point and sufficient high power were clarified by performing the calculation and the 
ial production of a current magnetic field which were actually based [ that there is a problem that it cannot attain, 
id ] as a spin bulb film with the ultra-thin fi-ee layer for high-density record. And still more original trial production 
!(amination is carried out and it came to invent the composition explained in full detail below. 

)114] Drawing 15 is the graphical representation expressed comparing the fi-ee thickness dependency of the bias point 
f the spin bulb film of each example of comparison mentioned above, and the spin bulb film by this invention. Any 
imposition is known by that a big problem is in the bias point by the spin bulb film of each example of comparison 
lown so far. Here, the optimal bias point is in 30 - 50% of range. And in order to fiiUy obtain sensitivity, in low Ms*t, 
is necessary to obtain the bias point within the limits of this. 

)1 15] On the other hand, Ms*t has all separated fi-om each example of comparison greatly fi-om the range with the 
ptimal bias point in low conditions. Furthermore, it turns out that tiie change of the bias point to Ms*t is very large, 
id regulation of the bias point is difficult. 

) 11 6] On the other hand, the example 1 of this invention explained in fiiU detail behind has the very small change of 
le bias point to Ms*t, and it turns out that there is the bias point within the always optimal limits. 
)117] In drawing 15 , although the bias point on calculation has not said [ Ms*t ] 30% - 50% of range about the 
•cample 1 of comparison even place [ of 5 or more nmTs / big ], this is because it is a value with larger MR height 
aigth in low recording density for which Ms*t uses the fi-ee layer of 5 or more nmTs in fact. It is because it is 
jecifically a larger value than 0.3 micrometers - 0.5 micrometers of MR height length in the target recording density 
I this invention. 

)1 18] Anyway, in the place where Ms*t is the field of 5 or less nmTs, the dominance difference of a bias point design 
f the film of this invention and the film of the example of comparison is large, and a bird clapper is known clearly. 
)1 19] In the structure of the examples 1-4 of comparison mentioned above, drawing 16 is a graphical representation 
lowing how MR rate of change changes, when only Ms*t of a fi-ee layer is made small. Here, MR rate of change of a 
Mlical axis is an amount mostiy proportional to the vertical axis of the ti-ansfer curve of drawing 9 . The film of the 
samples 1 and 2 of this invention explained later was also shown for comparison. 

)120] Here, Ms*t of the film of the examples 1-4 of comparison and the film of the example 1 of this invention 
lanufactured the sample which changed the NiFe thickness of a fi-ee layer, and the fihn of an example 2 created what 
langed the thickness of CoFe of a fi-ee layer. All of these values are the results after performing process annealing of 
0 hours at 270 degrees C all over the magnetic field of 7kOe(s). 

)121] Moreover, the high conductive layer of the example 2 of comparison and examples 1 and 2 was taken as Cu of 
nm of thickness. As Ms*t of a fi-ee layer, the arrow showed the thing of the thickness of the fi-ee layer of tiie example 
f comparison all over this drawing. Moreover, as Ms*t of a fi-ee layer, Ms of NiFe set to 1 .8T and showed Ms of IT 
id CoFe by the thickness of NiFe conversion of IT altogether. 

)122] By the film of the examples 1, 3, and 4 of comparison which do not have the high conductive layer which 
mches a fi-ee layer, if Ms*t of a fi-ee layer becomes small, MR rate of change will deteriorate rapidly and it will 
ecome difficult to secvire the high power dealing with densification. 

)123] The fliermal resistance of MR rate of change [ as opposed to / although the fi-ee layer Ms*t dependency of MR 
ite of change is comparatively small, since FeMn which does not contain noble metals in an antifeiTomagnetism film 
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J used by the film of the example 2 of comparison which has a high conductive layer / process heat treatment ] is a 
)w. In such small MR rate of change, high power of densification is not securable. 

3124] If 0.5nm Co or CoFe is inserted between Spacer Cu and the free layer NiFe, although it will become larger 
bout 1 to 2% than the value in this drawing by the film of the example 2 of comparison, and the example 3 of 
omparison, the dependency over Ms*t does not change with the case of the free layer of a NiFe monolayer, but is 
nough as MR rate of change in the place where Ms*t of a free layer is small anyway. [ of a small value ] 
)125] If the free layer which, on the other hand, has the high conductive layer which touched the free layer by this 
ivention, and the antiferromagnetism film which has noble metals are used, the thermal resistance of MR rate of 
hange to process heat treatment can also be improved, and sufficient high power of high-density correspondence can 
e obtained. The difference of MR rate of change with the example of comparison is large, and a bird clapper is known 
1 the place which became smaller than 5nmT especially. 

)126] Below, the magnetoresistance-effect element of this invention is explained in detail. 
)127] Drawing 1 is a conceptual diagram showing the cross-section composition of the magnetoresistance-effect 
lement of this invention. That is, the magnetoresistance-effect element of this invention has the composition which 
arried out the laminating of the high conductive layer 101, the free layer 102, the spacer layer 103, the 1st 
jrromagnetic layer 104, the joint film 105, the 2nd ferromagnetic layer 106, and the antiferromagnetism film 107. 
)128] The good bias point is realizable by realizing Hpin-Hin=Hcu by making Hcu(s), Hpin(s), and all the Hin(s) into 
small value by this composition, when Hs on the transfer curve by having thinned the free layer 102 very much 
specially is small. Furthermore, the head of high power is realizable by maintaining the thermal resistance of good 
IR rate of change for generally it being hard coming to realize high MR rate of change in the case of an ultra-thin free 
lyer. 

)129] That is, by spin bulb film composition of this invention, since the good bias point can be realized and high MR 
ite of change can be maintained even when it has an ultra-thin free layer for high-density, it is stabilized and high 
ower can be obtained. Specifically, the good bias point is realizable by realizing Hpin-Hin=Hcu as a bias point design, 
is important that Hpin(s), and all Hin(s) and Hcu(s) make it small, in order to be stabilized and to realize the upper 
)rmula. 

)130] First, by using the so-called synthetic AF structure which the 2nd ferromagnetic of the above combined in 
itiferromagnetism to Hpin, actually acting as Hpin becomes only what is depended on the difference of the two-layer 
lagnetic thickness of the above 1st and the 2nd ferromagnetic, and it can reduce Hpin. 

)131] It tums out that it is effective to reduce pin (Ms*t) of a pin layer because of Hpin reduction even if this sees a 
)rmula(l-4). 

)132] However, it is indispensable for it to be completely meaningless, even if it reduces only Hpin for the bias point 
ssign of an ultra-thin free layer, and to also reduce the current magnetic field Hcu. Therefore, by making the field of 
1 opposite side carry out a nonmagnetic quantity conductive layer in contact with the spacer of a free layer, the center 
f the current distribution of current of flowing the inside of a spin bulb film can be brought close to a free layer, and it 
scomes possible to reduce Hcu. That is, in a formula (1-5) and a formula (1-5-1), when 13 increases at the time of a 
>p type spin bulb film (II increases when it is a bottom type spin bulb film) and the current diverging ratio C falls, it is 
2cause the current magnetic field Hcu is suppressed. It is in high MR rate of change being maintainable as another big 
ork of a nonmagnetic quantity conductive layer with the spin-filter effect at the time of the ultra-thin free layer made 
ito the object by this invention. That is, the magnetization direction of the pin layer of the side which touches a free 
yer and a spacer can keep large mutually the difference of the mean free path of rise spin in the time of an parallel 
ate and an anti-parallel state by preparing a nonmagnetic quantity conductive layer. 

)133] Hpin-Hin=Hcu It is stabilized, and Hin reduction is also important in order to realize. Although it is important 
t make spacer ** thin for the high MR rate-of-change realization (the spin-filter effect) by the high conductive layer 
hich touched the above ultra-thin free layers, generally Hin tends to become large, so that spacer ** becomes thin, 
id, so that a free layer becomes thin. It is important to conquer it and to use this invention by Hin of the range of 
30ut 0-20 Oes. 

)134] Drawing 2 is the schematic diagram of the transfer curve obtained in the spin bulb film of this invention. Also 
I a transfer curve with small Hs using the ultra-thin free layer, since Hpin(s), and all Hcu(s) and Hin(s) are reduced, 
le design of Hpin-Hin=Hcu is attained and the bias point has set it as about 50% of good place. Furthermore, since the 
)in-filter effect by the high conductive layer is also used, high MR rate of change can be maintained also in an ultra- 
tin free layer, and the vertical axis of d raw ing 2 has also realized the sufficiently large value. 
)135] Next, each parameter of each element which determines the bias point, i.e., Hpin, and Hin and Hcu is fiirther 
cplained to a detail. 

)136] First, low Hcu is explained. As already explained, in this invention, by preparing a high conductive layer in the 
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de which touches the field of an opposite side, the value of C in a formula (1-5) is reduced, and the current magnetic 
eld Hcu is reduced with the spacer of a fi-ee layer. It explains using the following film composition as a concrete 
sample. 
)137] 

a5/Cux/CoFe2/Cu2/CoFe2.5/Ru0.9/CoFe2/IrMn7/ra5 (a unit is nm) 

•rawing_3 is a graphical r^resentation to which the spacer which is in contact with the fi-ee layer expresses the 
dation of the current magnetic field Hcu which joins the fi-ee layer to the thickness of the high conductive layer Cu of 
a opposite side in the above-mentioned film. Here, sense current was set to 4mA. The value of C of a formula (1-5) is 
nail, and the current magnetic field Hcu is reduced by the bird clapper, so that the thickness of Cu is made to increase 
3 shown in this drawing. When the current diverging ratio by the side of the upper layer and a lower layer becomes 
qual rather than a fi-ee layer, however the current magnetic field which joins a fi-ee layer may pass sense current, it 
UTis into a zero magnetic field. 

)138] Here, as for the thing of the point of this invention for which the current magnetic field Hcu is completely made 
ito zero, it is not [ one ] conversely desirable but to reduce the current magnetic field. It sets to this invention and is 
[pin-Hin=Hcu. It is because bias point adjustment becomes impossible like the example 3 of comparison mentioned 
bove by the design which is going to cany out near of the current magnetic field to zero since bias pomt adjustment is 
erformed by making it realized. 

)139] When the thickness of a nonmagnetic quantity conductive-layer Cu layer is said in the big range, considering 
le viewpoint of a current magnetic field, within the limits of 0.5nm - 4nm will call it proper thickness. Since Hs 
ecomes small so that the thickness of a fi-ee layer becomes thin, the one where the current magnetic field Hcu is also 
nailer becomes desirable. Here, as a nonmagnetic quantity conductive layer, although Cu was used, when using other 
letallic materials or a cascade screen, it can think by the thickness altogether converted into Cu. since the specific 
isistance for which it asked experimentally in the case of a nonmagnetic quantity conductive layer called Rul .5 
m/Culnm is [ 30microomegacm and Cu of Ru ] lOmicroomegacm ~ Cu conversion ~ (1.5mnxlOmicroomegacm / 
Omicroomegacm) - it will be said that it is equivalent to Cu thickness of +lnm = 1.5nm 

)140] as the specific resistance for which it asked experimentally when other metals were used similarly - Cu ~ 
Omicroomegacm and Ir can use 20microomegacm, as for 30microomegacm and Au, Re can use the value to which in 
Omicroomegacm and Pt 40microomegacm and aluminum say 12microomegacm to and 40microomegacm and Pd say 
70microomegacm and Rh ] Os as 3 Omicroomegacm, and, as for lOmicroomegacm and Ag, lOmicroomegacm and Ru 
an ask for a current diverging ratio Moreover, when a nonmagnetic quantity conductive layer consists of an alloy, 
sing the value of the above-mentioned specific resistance of the element of the principal component, it can calculate 
s thickness of Cu conversion and you may distribute proportionally according to composition of an element. 
)141] Although the value of this specific resistance changes by the adjoining material as the example of comparison 
'as explained, since the material which a nonmagnetic quantity conductive layer touches does not differ greatly, the 
alue calculated using these values can prescribe proper thickness. 

3142] Moreover, since Hcu is decided by the current diverging ratio of the upper layer and a lower layer to a fi-ee layer 
D that it may understand by the formula (1-5), a nonmagnetic quantity conductive layer has the thinner possible one 
esirable [ the thickness of a spacer layer located in a reverse side ] fi-om a viewpoint of Hcu reduction. This [ the 
iclination's demanded fi-om the spin-filter effect of MR rate of change of next explanation ] corresponds. Specifically, 
pacer thickness has 1 .5nm - desirable about 2.5mn. 

3143] The nonmagnetic quantity conductive layer has also achieved the fimction as a layer to bring about the spin- 
Iter effect of MR rate of change with current magnetic field Hcu reduction. It originates in the effect and the range of 
tness thickness is also limited to some extent. For example, since considering the conduction electron which moves to 
le fi-ee layer side fi-om a pin side it becomes desirable composition that a mean fi-ee path difference becomes [ the 
lagnetization direction of a fi-ee layer ] large by parallel or anti-parallel at a pin layer, the thickness of the spacer 
idependent of the rise of spin and a down has the thinner desirable one. When it will be called the thickness which is 
le grade to which Hin does not increase, spacer ** has 1.5nm - desirable about 2.5nm. 

3144] Moreover, fi-ee thickness is thick and its one sufficiently thinner than the mean fi-ee path of rise spin is more 
esirable than the mean fi-ee path of down spin. For example, since it is about 1 .Inm, as thickness of NiFe, when it is 
:oFe, Inm - about 3nm is the most desirable [ the mean fi-ee path of the down spin of NiFe / Inm - its about 4.5nm is 
le most desirable, and ]. Although the optimal thickness changes with pin **, spacer **, and fi-ee thickness in high 
lectric conduction thickness, the peak of the thickness of the high electric conduction thickness which takes the peak 
f MR is carried out to the thick-film side, so that fi-ee thickness is so thin that spacer ** is thin, for example, a pin 
lyer - CoFe2.5mn and Cu spacer ~ thick ~ fi-ee 2nm ~ the case where Cu is used for a high conductive layer when it 
5 thickness CoFe2nm ~ about 2nm, by the way, a peak is taken Since the peak of MR rate of change is taken when the 
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dckness of a free-on experience layer and the total thickness of the nonmagnetic quantity conductive layer Cu are set 
» about 4-5nm, it is desirable to set up the thickness of a nonmagnetic quantity conductive layer so that it may become 
le near. When Cu is used for the nonmagnetic quantity conductive layer which touches a free layer, the total thickness 
f Cu thickness and free layer thickness serves as a range with 3nm - desirable about 5.5nm also including a margin. 
)145] Next, Hpin is explained, efficiency pin ** [ in CoFe whose Bs is 1.8T ] in order to reduce Hpin - about 2nm or 
iss (it is 3.6nm or less by NiFe conversion), and a still more desirable efficiency-pin - thick - it is desirable to make 
Inm or less (for it to be 1 .8nm or less by NiFe conversion) As a realization means of the pin layer, synthetic AF 
Tucture is desirable. This consists of composition of an antiferromagnetism film / 1/Ru0.9nm of ferromagnetics / 
;rromagnetic 2, and is carrying out magnetic coupling of a ferromagnetic 1 and the ferromagnetic 2 in 
itiferromagnetism. While joined together in antiferromagnetism and, on the other hand, magnetization fixing of the 
OTomagnetic 1 is carried out with the antiferromagnetism fihn at **. the magnetization direction of a ferromagnetic 1 
id a ferromagnetic 2 - a retrose ~ the joint magnetic field - several - kOe and since it is large, the difference of 
Is*t of a ferromagnetic 1 and Ms*t of a ferromagnetic 2 is considered to contribute to an efficiency pin disclosiire 
lagnetic field as primary approximation (JP,7- 169026, A) 

)146] For example, with composition called IrMn/CoFe2/Ru0.9/CoFe2.5 (the unit of thickness is nm), efficiency pin 
* will call it 2.5nm-2nm=0.5nm (magnetic thickness is 0.9nmT(s)). If efficiency pin thickness can be reduced, Hpin 
an be reduced as shown in a formula (1-4). Thus, synthetic AF structure is structure indispensable for mastering an 
Itra-thin free layer in respect of the bias point of this invention. 

)147] Next, Hin is explained. When said from the point of the bias point and the spin-filter effect, it was already said 
lat it is desirable to make it as thin as possible as for Cu layer thickness used as a spacer. As a concrete value of Hin in 
jch thin thickness, it is desirable to hold down to about 5-15 Oes still more desirably zero to 20 Oe. As the one 
)lution method of this invention, even when a spacer is thin, bilayer ground composition etc. is raised as film 
Dmposition which does not increase Hin. 

)148] Next, the thermal resistance of MR rate of change is explained. When an ultra-thin free layer is used, it also 
ecomes remarkably difficult to maintain the thermal resistance to process heat treatment of MR rate of change, 
pecifically, in order to improve MR rate-of-change thermal resistance of an ultra-thin free layer spin bulb film, it 
ivides greatly and there are two measures. It is preparing the nonmagnetic quantity conductive layer more than [ with 
ne of them ] fixed in contact with a free layer. Although the nonmagnetic quantity conductive layer, of course, also 
ad a role of a spin-filter effect, it became clear to also play the role of raising the thermal resistance of MR rate of 
hange. Although the thickness of a free layer was not so remarkable, when, as for this, it became thin by about 4.5nm 
t about 2nm, Inm or more was understood are indispensable as total thickness of a nonmagnetic quantity conductive 
lyer. For example, although it will decrease about 50% by the relative ratio at MR rate of change of as-depo, and MR 
ite of change after process heat treatment (270 degree-Cx 10 hours) when a nonmagnetic quantity conductive layer is 
nm, it can hold down to 0 - 30% of reduction by preparing an about Inm nonmagnetic quantity conductive layer. 
3149] Furthermore, dispersion is still in the rate of heat deterioration of MR rate of change only now. This cause is the 
ifference of the antiferromagnetism film material which is the 2nd measure. As an antiferromagnetism film, the time 
f using FeMn etc. is the case of the 30% of the above-mentioned rates of heat deterioration. However, when using 
:Mn as an antiferromagnetism film material, it can be made to decrease to 0 - 15% of rate of degradation, 
urthermore, although MR rate of change of as-depo cannot be measured when using PtMn, it is realizable in general, 
% of values of heat deterioration, i.e., the rate, of MR rate of change of IrMn. [ of as-depo ] This was dependent on 
whether the noble-metals concentration of antiferromagnetism film material is included, and the desirable thing made it 
lear especially on the spin bulb film of an ultra-thin free layer according [ using the antiferromagnetism film 
ontaining noble metals like IrMn, PtMn, PdPtMn, and RuRhMn ] to this invention. 

3150] Drawing 4 is a graphical representation showing the concrete range of the pin thickness of synthetic AF for 
:etting asymmetry blocked and realizing bias point 30%-50% -10% to +10%, as the above conclusion, and 
onmagnetic quantity electric conduction thickness. Here, it is defined as (V1-V2)/(V1-I-V2) with "asymmetry, i.e., 
wave asymmetry"," with the absolute value VI of the reproduction output in a right signal magnetic field, and the 
bsolute value V2 of the reproduction output in a negative signal magnetic field. Therefore, it corresponds to 
asymmetry is -10% - +10%" being "(V1-V2 )the value of / (V1+V2) is 0.1 or less 0.1 or more minus plus." 
0151] Hpin-Hin=Hcu In order to realize, you also have to lower Hcu, when Hpin becomes small. That is, as shown in 
formula (1-4) and (1-5), it is the pin thickness (Ms*t) (when pin is made small, thickness of a nonmagnetic quantity 
onductive layer must be thickened and pin (Ms*t) is made into a larger value, you have to make thickness of a 
lOnmagnetic quantity conductive layer thin.) of the upper and lower sides of synthetic AF. 
0152] Specifically, when thickness of tm (pin2) and a nonmagnetic quantity conductive layer is set to t (HCL) (it 
onverted into Cu layer of specific resistance lOmicroomegacm) for the thickness of tm (pinl) and a thin pin layer, the 
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ickness of the thick pin layer which forms synthetic AF The place with which are satisfied of 0.5 nm<=tm(pinl)-tm 
»in2)H-t(HCL) <=4mn and t (HCL)>=0.5nm is the range of this invention. 0.5 nm<=tm(pinl)-tm(pin2)+t (HCL) is the 
nitation that the bias point becomes about 30% that is, and asymmetry becomes +10% here, and tm(pinl)-tm(pin2)+t 
ICL) <=4nm is the limitation that the bias point becomes about 50% that is, and asymmetry becomes -10%. 
»153] Here, tm(pinl)-tm (pin2) is the magnetic thickness when converting into NiFe whose Ms is IT, for example, it 
ill be called x(2.5-2)l .8T=0.9nm at the time of the synthetic AF structure of the composition of PtMn/CoFe2 / 
u0.9/CoFe2.5. Moreover, in the case of the monolayer pin structure of the example of comparison shown for 
)mparison, (Ms*t) of a monolayer pin layer is used. 

H54] Moreover, t (HCL) is the case where a nonmagnetic quantity conductive layer is made into the thickness of Cu 
mversion, and when using nonmagnetic quantity conductive layers other than Cu, it can be made into the thickness of 
u conversion using the resistivity mentioned above. 

H55] Moreover, t (HCL)>=0.5nm of lower limits of the thickness of a nonmagnetic quantity conductive layer 
quired for high MR realization in a free layer thinner than 4.5nm is specified. Moreover, if the thickness of a 
)nmagnetic quantity conductive layer is set to 3nm or more, since deltaRs may fall as a still more desirable range of 
e above-mentioned range, t (HCL)<=3nm is desirable. Moreover, if the difference of the vertical pin thickness of 
oithetic AF is set to 3nm or more, since the thermal resistance of magnetization fixing of a pin layer will deteriorate, 
is desirable that it is tm(pinl)-tm(pin2) <=3nm. 

)156] In drawing 4 , the data of the film of the examples 1-4 of comparison mentioned above and the example 1 of 
is invention explained in full detail behind were plotted. Here, in the case of synthetic AF structure, the pin layer by 
le side of a spacer layer turned on the magnetic thickness of pin layer of horizontal axis plus-side, when magnetic 
lickness was thicker than another pin layer, and the pin layer by the side of a spacer layer decided to take the magnetic 
lickness of the pin layer of a horizontal axis to a minus side, when magnetic thickness was thinner than another pin 
yer. It decided to take all the magnetic thickness of a pin layer at a plus side in the case of the conventional pin layer 
hich does not use synthetic AF. 

)157] As shown in tfiis drawing, although it separates fi"om all the examples of comparison from the good range and 
jymmetry is bias bad, that is, large, according to this invention, the good bias point, i.e., a film with small asymmetry, 
realizable. 

)158] The concrete film composition which conquered the heat-resistant difficult point of the bias point design by this 
ivention explained above which cancels small Hpin by synthetic AF by small Hcu, that is, realizes Hpin-Hin=Hcu, 
id MR rate of change peculiar to an ultra-thin free layer spin bulb film is shown, 
ixample 1) Top SFSV (NiFe/Co(Fe) free layer) 

a5/Cux/NiFe2/CoFe0.5/Cu2/CoFe(2+y)/Ru0.9/CoFe2/IrMn7/Ta5 (7-1) An antiferromagnetism film first explains the 
cample of the so-called top type located in an upper layer side rather than a fi'ee layer of spin bulb film. 
)159] Drawing 5 is the conceptual diagram showing the concrete film composition of the magnetoresistance-effect 
ement of this example. That is, the laminating of the fi-ee layer 102 and the spacer layer 103** was carried out the 
laracteristic high conductive layer 101 by this invention, and on it on the ground buffer layer 12, the ferromagnetic 
in layer 104,106 joined together in antiferromagnetism through 105, and, on the other hand, the pin layer of 106 has 
xed to ** by the antiferromagnetism layer 107. The cap layer 1 13 is formed on the antiferromagnetism layer 107. The 
lembrane structure of (7-1) is the thing of the type with which the free layer 102 consists of a cascade screen of the 
ilayer of 1 10 and 111, and the nonmagnetic quantity conductive layer 101 consists of a monolayer Cu. 
)160] The film of (7-1) turns into a film which was compatible in MR and the bias point using the spin-filter effect of 
IR by Cu ground, the current magnetic field Hcu reduction effect, and the Hpin reduction effect by synthetic AF. The 
jsult which calculated the bias point by the method mentioned above is shown in Table 5 about this film. 
)161] Table 5 Bias point calculation result (a) y= 0.5 Hin=20 OeMR height x= 20.3 micrometers 37%0.5 micrometers 
1%0.7 micrometers 25% (b) y= 0.8 Hin=20 OeMR height x= 20.3 micrometers 46%0.5 micrometers 40%0.7 
licrometers 33% (c) y= 0.5 Hin=10 OeMR height x=20.3micrometer 42%0.5 micrometers 39%0.7 micrometers 
iround Cu ** could be 2nm 36% here. At the time of Cu ground of the monolayer which consists of a high conductive 
lyer of a simple monolayer, Hin serves as 20Oe(s) and a larger value a little. Then, the result of Table 5 (a) shows that 
le pin thick difference of synthetic AF shifts to a minus side a little from 40% of a good bias point value in 0.5nm. 
Jthough it is a film also with this sufficiently practical, the case where y= 0.8nm and Hpin are increased a little is as a 
isult of Table 5 (b). This enables it to bring the bias point close to a good value, when the bias point has shifted with 
Dme undershirt, as shown in Table 5 (a). Moreover, as shown in Table 5 (c), even if it lowers Hin, the bias point can 
e similarly made into a good value. Since the one where Hin is smaller will become [ the height dependency of the 
ias point ] small so that clearly if (c) is compared with Table 5 (a) and (b), as for Hin, decreasing as much as possible 
; desirable. Although Hpin becomes [ the smaller one ] small and a height dependency becomes small, the vertical pin 
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ick difference of synthetic AF structure With the about 0.3nm difference of (a) and (b), since it is almost 
linfluential y= 0-lnm (Ms*t=0 - 1 .8nmT in NiFe) is desirable still more desirable, and the range of y= 0-0.5nm (0 - 
9nmT in NiFe) with the bias point The improvement in a property of the cure against ESD-proof etc. is taken into 
msideration, and since adjustment of the value of y is possible, it is desirable. 

»162] Ground Cu ** also uses the spin-filter effect of MR with bias point adjustment, although Hcu will become 
nail if ground Cu ** is thickened, in order that deltaRs may decrease - Cu - thick -- 0.5-3nm is especially desirably 
jsirable 0.5nm - 5nm the optimal thickness of the Shimoji Cu ** from which, as for ground Cu ** from which the 
»in-filter effect of MR is acquired, the spin-filter effect of MR is acquired for the time when free thickness is thinner 
spending on free lamination is shifted to the thicker one In the result obtained experimentally, when the sum of 
ound Cu ** and the thickness of a magnetic free layer is 4nm - 5nm, MR rate of change takes peak value. 
1163] In the case of free lamination as shown in (7-1), the effect of Rs reduction by the increase in MR by the spin- 
Iter effect according [ ground Cu ** ] to Cu thick increase and Cu thick increase cancels 0-1.5nm exactly, and deltaRs 
)es not almost have change in it. 1, deltaRs will decrease in 5 nm - 2nm, and deltaRs will decrease by 0.25ohms in 
)Out 0.1 ohms and 1.5nm - 3nm. Since the fall of deltaRs is proportional to loss of power mostly as it is, it is not 
jsirable. however - case it is desirable for ground Cu ** to thicken on the bias point - this free lamination - Ground 
u - thick - using 3nm is also considered At this time, the current magnetic field per unit current is small, and since 
e spin bulb membrane resistance is also falling, it can consider the technique of recovering the loss of power by the 
Jl of deltaRs by passing more current. It is because the amount of outputs is also proportional to the amoxmt of 
irrent mostly. Since it increases 25% by setting for example, sense current to 5mA from 4mA of old calculation when 
dtaRs falls 10% by increasing ground Cu **, 10 minutes is suppliable with the part of deltaRs fall. 
H64] When free thickness is thick NiFe4/CoFe0.5 (nm), ground Cu ** has desirable about 0.5-2nm, and when a free 
yer is thin NiFel/CoFe0.5nm, ground Cu ** has desirable about l-4nm. Moreover, you may change the thickness of 
iterface CoFe in 0.3-1.5nm. Moreover, you may use Co or other Co alloys instead of CoFe. Since a soft magnetism 
mnot be reahzed in Co simple substance when using Co instead of CoFe, it is desirable to make it as thin as possible. 
)165] For example, when NiFe is 4nm, 0-lnm and NiFe are 2nm and 0-0.5nm and NiFe are Inm, 0-0.3nm of Co is 
^sirable. Moreover, when caring about interface diffusion with Ground Cu, you may insert Cu, and Co and CoFe of 
laterial [ **** / un-] also into an interface with Ground Cu. For example, free layers, such as Co0.3/NiFe2/Co 0.5 and 
oFe0.5/NiFe2/CoFe0.5, can be considered. 

)166] Moreover, you may use the alloy free layer of NiFeCo instead of making it the cascade screen of such an ultra- 
tin magnetic film. 

)167] Moreover, in an ultra-thin free layer which is being made into the object by this invention, it also becomes 
ifficult to realize a low magnetostriction. As one difficult point, the magnetostriction of NiFe is just large and a bird 
lapper is mentioned, so that the thickness of NiFe becomes thin, although nickel80Fe20 (at%) is usually sufficient as 
imposition of NiFe in a free layer called NiFeS nm/CoFelnm in order to conquer it - the case of the free layer of 4.5 
r less nmTs of this invention - nickel80Fe20 - nickel - it is desirable to make it rich the time of NiFe thickness 
eing specifically about 4nm - nickel81Fel9 (at%) - nickel - the time of NiFe thickness being about 3nm richly - 
ickel8L5Fel8.5 (at%) - nickel - it is desirable to make it rich As an upper limit of nickel concentration, 
ickel90FelO (at%) grade is desirable. 

)168] As mentioned above, it is two big purposes the purpose of Ground Cu reducing the current magnetic field Hcu, 
id realizing the good bias point also in an ultra-thin free layer, and to use the spin-filter effect without degradation of 
IR rate of change also in an ultra-thin free layer. 

)169] If it says from the point of the bias point, y and x are not independently decided by the film of the above (7-1), 
Qd it will be cautious of a mutual value and it will be decided that it will be it. For example, since the current magnetic 
eld Hcu which cancels it since Hpin will become small if y becomes small also has the smaller good one, the 
ptimum point shifts the value of x to the way of a larger value. 

3170] Specifically, the following thickness designs can be considered as one example. When pin layers are 2nmT(s), 
s a design in case a nonmagnetic quantity conductive layer is a Cu layer, Cu layer 0.5-1 .5nm, When pin layers are 
.5nmT(s), l-2nm and the pin layer of Cu layer are InmT(s), 1.5-2.5nm and the pin layers of Cu layer are 0.5nmT(s), 
nd 2-3nm and the pin layer of Cu layer are OnmT(s), Cu layer will be called 2.5-3. 5nm. 

3171] When a pin layer is Co or CoFe here, the thickness of a pin layer is t=(Ms*t) pin/1.8T. When [nm] and a pin 
lyer are NiFe(s), pin layer thickness is t=(Ms*t) pin/1 T. It will be called [nm]. 

3172] Spacer Cu may use the alloy containing Au, Ag, or these elements other than Cu etc. However, Cu is the most 
esirable. The realizing-high MR and ground side of a free layer has [ spacer thickness ] the thinner possible desirable 
ne, in order to make the shunt layer of an opposite side as small as possible and to reduce a current magnetic field, 
lowever, since the ferro-magnetic coupling of a pin layer and a free layer will become strong and Hin increase will 
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ise if too not much thin, about L8-2.3nm is desirable still more desirably 1.5nm - 2.5nm. 
173] Although the ground quantity conductive layer which has played the big role for the spin-filter effect and 
irrent magnetic field reduction consists of Cu(s) of a monolayer here, you may form it by the cascade screen. For a 
Ttain reason, in a topspin bulb film, the role of the seed layer of fee also has fee or a hep metallic material good at 
is time as fiirring. Specifically, the alloy layer of the metal which consists of Au, Ag, aluminum, Zr, Ru, Rh, Re, Ir, 
:, etc., or a cascade screen can be considered, although an effect is enough acquired with simple Cu ground if it is for 
e spin-filter effect of MR, and the current magnetic field reduction effect, there is a role which is two called 
agnetostriction control and Hin control of an ultra-thin fi-ee layer as an effect which makes furring an alloy layer and 
cascade screen purposely Specifically, the following examples can be considered. 

•174] Ta5 / Rul/Cul .5 / NiFe2/CoFe0.5 / Cu2/CoFe2.5 / Ru0.9/CoFe2 / IrMn7/Ta5 (7-2) By using Rulnm as a 
•ound, membranous flat nature can improve and Ms*t of a fi-ee layer can realize low Hin of about 10 Oes easily by 
lacer 2nm in spite of NiFe conversion 2.9nmT and an ultra-thin fi-ee layer. Realization of low Hin is desirable at the 
)int as for which MR height dependency of the bias point becomes eriipty of being lost. Moreover, even if it does not 
ve the thickness difference of the vertical pin layer of synthetic AF in vain, it is desirable also at the point that the 
)od bias point is realizable. Although the thickness of Ru set to Inm here, Inm - about 3mn is desirable still more 
jsirably 0.5nm - 5nm. The thickness with desirable material other than Ru does not change so much. 
»175] By the film of (7-2), when calculating Hcu, it becomes addition of the electric shunt layer of the thickness of Ru 
id the thickness of Cu. the case of Ru - the ratio of 30microomegacm and Cu - in the viewpoint of eye an about 3 
me hatchet of specific resistance, and Hcu, the film of (7-2) will say that it is equivalent to a 1 .8nm film by Cu thick 
mversion However, in the viewpoint of MR, resistance is high in Ru, and most spin-filter effects are not acquired in 
•uching NiFe direct and setting Ru to it, since the electronic mean fi-ee path is short. Therefore, as a layer which 
uches a fi*ee layer, Cu, Au, Ag, etc. of low resistance are desirable as much as possible, and material, such as Ru, is 
lasons with desirable making it a bilayer through Cu, Au, Ag, etc. This is one reason purposely made into a bilayer 
roxmd. 

1176] Moreover, although buffer layers Ta and Ru were divided and considered here, if Ru layer also demonstrates 
le effect as a buffer layer, there may not be a Ta layer. For example, it is also possible to lose Ta when using Zr layer 
>r a change of Ru. 

)177] When using a buffer layer, Ti, Zr, W, Cu, Hf, Mo, or these alloys can be used other than Ta. Even if it uses 
hich such material, 2nm - about 5nm of thickness is desirable still more preferably Inm - 7nm. 
)178] Although IrMn (Ir:5 - 40at%) was used as an AF film here, as thickness of IrMn, 3nm - about 13nm is 
ssirable. Since the noble metals which fit the narrow gap head towards densification since a pin property also with 
lin thickness good as a merit using IrMn is realizable are included, the feature that high MR rate of change is 
laintainable is after heat treatment. By the film used for the antiferromagnetism film, FeMn as shown in the example 2 
f comparison is unmaintainable, after heat-treating high MR rate of change. This is a phenomenon which appears 
Dtably, when using an ultra-thin fi*ee layer like this invention. 

)179] Moreover, although CrMn, NiMn, and NiO may be used as an antiferromagnetism film, for high MR rate-of- 
lange realization, AF containing a noble-metals element is desirable. For example, you may use Pd, Rh, etc. instead 
fir. Since MR rate of change improves compared with FeMn, NiMn, etc., high MR rate of change is maintained also 
fter annealing heat treatment indispensable to a head. Moreover, it is also one of the desirable examples to use PtMn 
ith the still higher concentration of a noble-metals element 
)180] 

a5/Cux/NiFe2/CoFe0.5/Cu2/CoFe2.5/Ru0.9/CoFe2/PtMnl 0/Ta5 (7-3) 
a5/Rux/Cuy/NiFe2/CoFe0.5/Cu2/CoFe2.5/Ru0.9/CoFe2/PtMnl0/Ta5(7-4) 

.s a merit using PtMn (Pt:40 - 65at%), since noble-metals concentration is still higher than IrMn, there can be still less 
IR degradation by process annealing, high MR rate of change can be realized, deltaRs can be enlarged, and it is 
lentioned that high power is obtained. In the spin bulb film of the ultra-thin fi-ee layer which the good thermal 
jsistance of MR cannot realize easily, MR thermal resistance has the best combination of composition with the ground 
lu by the spin-filter effect etc., and PtMn. You may use PdMn and PdPtMn instead of PtMn (noble-metals 
oncentration : 40 - 65at%). 

)181] When it says firom a viewpoint of MR thermal resistance, a certain thing of ground Cu ** is desirable Inm or 
lore. It is because the thermal resistance of MR will become bad if it is the thickness not more than it. However, at a 
ertain time, the thickness of NiFe can secure 4nm or more of thermal resistance of MR, if there is 0,5nm or more of 
round Cu **. 

3182] Since PtMn is large at the value as IrMn also with the almost same value of electric specific resistance, the 
ontribution to a current magnetic field is small desirable. Thus, the film of (7-3) and (7-4) is a film which was very 
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icellent practically. 

1 83] However, since it is thicker than the case where the critical thickness out of which the 1 direction anisotropy 
?ld comes as a demerit of PtMn is IrMn, it is mentioned that it is difficult to make it thin to about Snm. Therefore, 
hen PtMn is used, as thickness of PtMn, Snm - 30nm is desirable. 7nm - about 12nm is desirable still more desirably. 
Iso in PtMn, the view over bilayer-izing of the ground of a free layer as shown in (7-4) is completely the same. 
1 84] (7-1) As a variation of the example of - (7-4), it is possible to carry out the laminating of the noble-metals 
ement film further on an antiferromagnetism film. For example, you may use a monolayer or cascade screens, such as 
a, Ru, Pt, Au, Ag, Re, Rh, and Pd. Low Hin is realizable also in tfie time of thin spacer thickness with this 
imposition. However, if thickness becomes thick not much, since a current diverging ratio will increase in the upper 
yer side of a free layer, as total thickness of a monolayer or a cascade screen, 0.5nm - about Snm is desirable. 
185] As mentioned above about drawing 15 , compared with the examples 1-4 of comparison, the spin bulb film of 
is example is far excellent in the controllability of the bias point, and can obtain the optimal bias point certainly. 
1 86] Moreover, as mentioned above about draw ing 16 , the spin bulb film of this example can obtain high MR rate of 
lange compared with the examples 1-4 of comparison, 
ixample 2) Top SFSV (simple CoFe fi-ee layer) 
i5/Cux/CoFe2/Cu2/CoFe2.5/Ru0.9/CoFe2/IrMn7/Ta5 (8- 1 ) 
a5/Cux/CoFe2/Cu2/CoFe2.5/Ru0.9/CoFe2/PtMnl 0/Ta5 (8-2) 

I this example, the simple fi'ee lamination which consists of a CoFe monolayer instead of a laminating fi-ee layer like 
iFe/Co like (an example 1) or NiFe/CoFe as a fi-ee layer was used. That is, in dramng 1 , it is the structure where the 
ee layer 102 consists of CoFe of a monolayer, and the high conductive layer 101 consists of a monolayer Cu. 
»1 87] Although various difficult points arise in order to realize an ultra-thin fi-ee layer which realizes (5nmT in NiFe), 
the CoFe system fi'ee layer which consists of a monolayer, there is a merit of being comparatively easy, from soft- 
agnetism control in an ultra-thin region being [ film composition ] a monolayer. You may add a tiling like B, Cu, 
uminum, Rh, Pd, Ag, Ir, Au, Pt, Ru, Re, and Os as the 3rd alloying element to CoFe. However, by pure Co, a soft 
agnetism is unrealizable instead of a CoFe alloy. Co85Fel5at% - Co96Fe4at% of CoFe is desirable. This is depended 
om a viewpoint of magnetostriction control so that it may state later. 

H88] Moreover, as for a CoFe fi-ee layer, it is desirable to carry out fee (1 1 1) orientation fi-om a viewpoint of a soft 
agnetism. Although fee (1 1 1) orientation is carried out and things are desirable so that resistance may become small 
so fi*om the point of acquiring the spin-filter effect effectively, the example of the fi'ee layer of microcrystal structure 
ke CoFeB or amorphous structure is also considered. 

1189] Since Ms can be realized by thickness thin also for realizing the same Ms*t fi"om it being larger than NiFe, a 
mple CoFe fi'ee layer becomes advantageous also fi-om a viewpoint of the spin-filter effect. For example, to total 
lickness becoming about 4nm by NiFe/CoFe NiFe3.6/CoFe0.5 (nm), for realizing the fi-ee layer of 4.5nmT(s), in a 
mple CoFe fi-ee layer, it is CoFe2.5nm and about L5nm is thinly made rather than NiFe/CoFe. If a high conductive 
yer is prepared in these both film in contact with the bottom of a fi-ee layer, although filter out of both film is carried 
at since it is thick compared with about Inm which is the value of the mean fi-ee path of down spin, a down spin 
ectron Since it will become the mean fi-ee path of rise spin, and a near value if it becomes about 4nm of total 
lickness of NiFe/CoFe, the high conductive layer under it will bring about a simple shunt effect, and the more it 
lickens a high conductive layer, the more MR will reduce it under the influence of a shunt effect. 
)190] On the other hand, about simple CoFe, since the mean fi'ee path is longer than 2.5nm, the mean fi'ee path of rise 
rin becomes long, so that a certain amount of thickness attaches a high conductive layer, and MR goes up. When Cu 
experientially used for a high conductive layer and the total thickness of the fi'ee layer which consists of Cu layer, 
iFe/CoFe, or a CoFe layer is about 4nm or Snm - 5nm, taking MR peak is acquired experimentally. That is, by CoFe, 
Ithough reduction in MR is brought about rather than the spin-filter effect in NiFe/CoFe for a shunt effect when there 
. required high conductive-layer thickness on a bias point design, since coexistence of the MR elevation effect can be 
imed at with bias point adjustment, it becomes advantageous according to the spin-filter effect. The thickness of Cu 
lyer which takes MR peak becomes a bird clapper thickly, and the combination effect of the spin-filter effect and the 
ias point adjustment effect comes out of this, so that CoFe thickness is thin as mentioned above, since MR peak value 
1 decided by total thickness of a high conductive layer and a firee layer. The simple CoFe fi'ee layer is more desirable 
y the spin-filter spin bulb by the above reason. 

)191] Since laminating NiFe/CoFe of MR themial resistance is worse, since the simple CoFe fi'ee layer is larger, MR's 
J good. 

)192] The monolayer of CoFe is easier for control than NiFe/CoFe whose magnetostriction control is also the cascade 
:reen of an ultra-thin layer. Especially, NiFe/CoFe whose one interface increases in an ultra-thin fi'ee layer since the 
iterface magnetostriction is important is more disadvantageous. 
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) 193] The bias point in the composition of (8-1) as well as [ ahnost ] the case of an example 1 becomes within 30 - 
0% of good limits. It is small like [ a height dependency ] an example 1 . 

)194] Since the saturation magnetic field Hs on a transfer curve becomes small about the Ms*t dependency of a free 
lyer so that Ms*t is small, stricter bias point adjustment is required. Since it becomes important to specifically reduce 
current magnetic field more, the need of making the thickness of a high conductive layer increasing comes out. By 
le spin bulb film by this invention, in order that the thickness of a high conductive layer in which MR peak appears 
ccording to the spin-filter effect may shift to the thicker one so that the thickness of a free layer becomes thin, as 
(ready stated, it turns out that the fa-end is in agreement and the design concept of the spin bulb fitai of this invention 
jits ** as a film of the head for high-density. 

)195] At the time of fi-ee layer Ms*t-4.5nmT and 2.5nm of CoFe thickness, the good thickness of a high conductive 
lyer by Cu conversion specifically 0.5nm - 4nm, At the time of Inm - 3nm, Ms*t-3.6nmT, and 2mn of CoFe 
lickness, they are Cu film conversion still more desirably. Inm - 4.5nm is Cu film conversion still more desirably at 
le time of L5-3.5nm, Ms*t-2.7nmT, and 1.5nm of CoFe thickness. Still more desirably, at the time of 2nm - 4.5nm, 
ls*t-l .8nmT, and Inm of CoFe thickness, it is Cu film conversion and 1 .5nm - 2nm - 5.5nm 5nm is set to 2.5nm - ' 
bout 5nm still more desirably. 

)196] By (8-2), PtMn is used to using IrMn as an antiferromagnetism film in (8-1). By using PtMn, MR thermal 
jsistance improves further and the merit that improvement in an output can be aimed at is obtained. This is the same 
s tiiat of the time of a NiFe/Co(Fe) fi-ee layer. However, since there is a fa-ouble that Hin tends to go up [ the way when 
sing PtMn ], in order to design the bias point at a good place, the cure of whether the current magnetic field Hcu is 
jduced, or either or both Hpin increase is more nearly required tiian the time of using IrMn. [ both ] In order to reduce 
[cu, sigmat of a high conductive layer is made to increase, that is, it can consider making the thickness of a high 
onductive layer increase. Moreover, in order to make Hpin increase, it is possible to make the pin layer membrane 
lick difference of the upper and lower sides of synthetic AF slightiy larger than the time of IrMn. However, since it 
Iso becomes causing the fall of deltaRs, adjushnent in the range of about 0-2nm is more desirable [ making the 
lickness of a high conductive layer increase ] than the time of IrMn at Cu conversion in high conductive-layer 
lickness. Moreover, since it becomes also making MR height dependency of the bias point increase as stated so far, as 
)r making deltat of synthetic AF stincture increase, it is desirable to design by the increase in about 0-lnm by CoFe 
onversion compared with the time of IrMn desirably [ enlarging not much ]. The following composition is also 
onsidered as a variation of (8-1) and (8-2). Ta5/Rux/Cuy/CoFe2/Cu2/CoFe2.5/Ru0.9/CoFe2/IrMn7/Ta5 Ta(8-3) 
/Rux/Cuy/CoFe2/Cu2/CoFe2.5/Ru0.9/CoFe2/PtMnl0/Ta5 In this (8-4) composition, it constihited from a cascade 
2reen called Ru/Cu instead of Cu monolayer as a high conductive layer. The reason made into a cascade screen is 
ased on the following two reasons. 

)197] 1. About CoFe magnetostiiction conti-ol of CoFe magnetostiiction conti-ol 2.Hin reduction effect above- 
lentioned 1 ., it is going to conti-ol a magnetostiiction by sti-ain conti-ol of CoFe to explain in full detail behind. That is, 
'hen a simple Cu twist also extends the fcc-d (1 1 1) spacing of CoFe and a Co90FelO (atinic%) fi-ee layer is used, it is' 
oing to control near the zero the magnetostiiction of the CoFe fi-ee layer which is easy to become large at a negative 
ide. Therefore, as a material located under Cu layer, what has a larger atomic radius tiian Cu is desirable. For example, 
.e, Au, Ag, aluminum, Pt, Rh, Ir, or Pd is [ other than Ru ] desirable. It is possible also by changing the CoFe 
omposition other than the formation of a ground bilayer from 90-10 in a meaning called magnetostriction control, 
pecifically, the CoFe alloy free layer of tiie composition range of Co90FelO-Co96Fe4 is used. It is because the effect 
f raising the flat nature at the time of film growth is in Ru about the Hin reduction effect of above-mentioned 2. on the 
ther hand. As already stated, Hin is because it is desirable to cany out a bias point design by Hcu and Hpin in the 
mallest possible place, especially, in SFSV, the thinner one is desirable as it cuts with the point which is two called 
hunt reduction of the spin-filter effect of MR, and the upper layer of a free layer gaily [ spacer thick ], and since the 
jchnology of mastering the ulti-a-thin spacer which is about Cu-2nm is required, generally the Hin confrol with a big 
pacer thick dependency becomes difficuh By making it a Ru/Cu cascade screen, it can be called Rul.5 nm/Culnm - 
nm ground, free layer Ms*t3.6nmT, an ulfra-fliin free layer called 2nm of CoFe tiiickness, and spacer Cu2nm, and low 
[in called 7-130e can be realized as Hin. When it takes into consideration that Hin was about 20 Oes in the example 
f (7-1) and (7-2), this Hin reduction effect is large. 

3198] What is necessary is just to only convert into sigmat and Cu thickness from the specific resistance of Ru, when 
sees from a viewpoint of Hcu calculation. Since the specific resistance of Ru which was able to be found 
xperimentally is 30microomegacm, as a shunt effect of sigmat, it will be made Cu thickness of specific resistance 
Omicroomegacm, and will be called one third of thickness. For example, with composition called Rul .5 nm/Culnm, it 
^ill be said with Cu thickness reduced property of a shunt that it is equivalent to (1 .5nm/3)+lnm=l .5nm. 
3199] Moreover (8-1), as a variation of the example of - (8-4), it is possible to carry out the laminating of the noble- 
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letals element film further on an antiferromagnetism film. For example, you may use a monolayer or cascade screens, 

uch as Cu, Ru, Pt, Au, Ag, Re, Rh, and Pd. Low Hin is realizable also in the time of thin spacer thickness with this 

omposition. However, if thickness becomes thick not much, since a current diverging ratio will increase in the upper 

lyer side of a fi-ee layer, as total thickness of a monolayer or a cascade screen, 0.5nm - about 3nm is desirable 

Example 3) Bottom SFSV (NiFe/Co(Fe) free layer) 

•a5/Ru2/PtMnl 0/CoFe2/Ru0.9/CoFe2.5/Cu2/Co0.5/NiFe2/Cu2/Ta5 (9-1) 

'a5/Rul/NiFeCr2/IrMn7/CoFe2/Ru0.9/CoFe2.5/Cu2/Co0.5/NiFe2/Cu2/Ta5(9-2) 

oi antiferromagnetism film shows the so-called bottom type located in a lower layer side rather than a fi^e layer of 
xample. DrawingjS is a conceptual diagram showing the spin bulb film composition concerning this example. That is, 
n the ground buffer layer 1 3 1 , the laminating of the antiferromagnetism film crystal control layer 1 28 and the 
ntiferromagnetism film 127 was carried out, and the pin layers 126 and 124 have joined together in 
ntiferromagnetism through a layer 125. On the layer 124, the laminating of the spacer layer 123, the fi-ee layer 122, 
nd the nonmagnetic quantity conductive layer 121 is carried out one by one, and, finally the cap layer 132 is formed. 
3200] The antiferromagnetism film crystal control layer 128 consists of a monolayer Ru, and the antiferromagnetism 
Im of 127 of the example of (9-1) is tiie case where PtMn and the free layer 122 are formed fi-om the cascade screen 
f the bilayer of 129 and 130. The antiferromagnetism film crystal conti-ol layer 128 is formed fi-om the bilayer film of 
liFeCr as Ru and a film of 134 as a film of 133, and the antiferromagnetism film of 127 of the example of (9-2) is an 
xample when IrMn and a free layer are formed from 129 and the two-layer film of 130. 
3201] In a bottom type spin bulb film, Inm - about 5nm of ground films of fee or hep is further used as an 
ntiferromagnetism film crystal conti-ol layer on buffer layers, such as Ta. For example, Cu, Au, Ru, Pt, Rh, Ag, nickel, 
liFe, those alloy films, a cascade screen, etc. are used. These seed (seed) layers are important films in ordCT to raise 
le function as an antiferromagnetism film. In the example of PtMn of (9-1), the cascade screen of Ru/NiFeCr was 
sed for Ru layer of a monolayer in the example of IrMn of (9-2). Making blocking temperature of an 
ntiferromagnetism film into a sufBcientiy high value and film flattening are urged to this antiferromagnetism fihn 
rystal conti-ol layer, and even when the 1.5nm - about 2.5nm ulti-a-thin spacer needed by this invention is used, it has 
le work which realizes low Hin. 

3202] In respect of the bias point merit by this invention, it is not influenced [ big ] accordmg to the kind of this seed 
lyer in the range of the thickness about [ above-mentioned ] an example. However, it is not desirable to use low 
lectiical resistance materials, i.e., a small material of specific resistance. This is because it will become difficult to 
ring a current center close to a free layer if a shxmt diverging layer increases here. Therefore, it is desirable to use the 
laterial of high resistance as much as possible in the range of the material which has a fimction as an 
ntiferromagnetism film raised. For example, instead of NiFe of low resistance, Cr, Nb, Hf, W, Ta, etc. are added to 
liFe, and the example which raises and uses specific resistance can be considered. In (9-2), NiFeCr is used instead of 
liFe. 

3203] As an antiferromagnetism fihn, PtMn is used in (9-1) and IrMn is used by (9-2). As a merit using PtMn, that 
locking temperahu-e is an elevated temperature, Hu.a.'s being large, and MR heat deterioration after process heat 
•eatment are very small, and it is mentioned that high MR and quantity deltaRs are realizable. When an ulti-a-thin free 
lyer is used like the time of a top type, the merit using PtMn which is the antiferromagnetism film which contains 
oble metals from the point that high MR is maintainable after process heat treatment is very large. You may use 
dPtMn instead of PtMn. As a desirable fliickness range, 5nm - 30nm 7nm - 12nm is good still more preferably. 
3204] As a merit using IrMn of (9-2), since a property comes out in a thin film field rather than PtMn, the point of 
eing suitable for the narrow gap head corresponding to densification can be mentioned. As thickness of IrMn, 3nm - 
3nm is desirable. Since it is the antiferromagnetism fihn with which IrMn also contains the noble-metals element Ir, it 
xcels in the thermal resistance of MR rate of change. You may use RuRhMn which contains a noble-metals element 
imilarly instead of IrMn. 

3205] As mentioned above, as an antiferromagnetism film, although PtMn, IrMn, and PdPtMn are the most desirable, 
1 respect of the bias point merit of the spin bulb film of this invention, it is not limited by antiferromagnetism film 
laterial and the antiferromagnetism film of others of NiO, CrMnPt, NiMn, and alpha-Fe 203 grade may be used. 
3206] As a ferromagnetic material of the bilayer of a syntiietic pin layer, altiiough the CoFe alloy layer was used here, 
ou may use the cascade screen of Co, NiFe or NiFe, and Co or CoFe. Views, such as such components, thickness, 
tc, are completely the same as that of the top type case of the examples 1 and 2 mentioned above. The composition of 
lis synthetic pin layer that is the important point of this invention is the purpose with biggest reducing a pin disclosure 
lagnetic field as mentioned above, and the Ms*t difference of this vertical ferromagnetism layer is closely connected 
nth the thickness of a high conductive layer prepared in contact with a free layer, and is changed. 
3207] The time of a top type and a view do not change about a spacer, either, but the thinner possible one is desirable. 
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Decifically, 1.5nm - about 2.5nm is desirable still more desirable, and 1.8nm - 2.3nin is desirable. 

•208] As a free layer, the cascade screen of NiFe/Co is used in the example here. The thickness of this free layer and 
e view of material are the same as that of the time of a top type almost. However, in the case where the ground films 
:'NiFe are a top type and a bottom type, since it differs, when composition of NiFe for low magnetostriction 
alization is a top type, it differs a little. Specifically, in the case of a NiFe/CoFe laminating free layer, since it is 
nailer than the time of the shift by the side of positive [ of the magnetostriction of the NiFe/CoFe laminating free 
yer accompanying the reduction in the thickness of NiFe ] being a top type, the thing of nickel PUA can also realize 
e optimal magnetostriction as composition of NiFe rather than the time of a top type. 

>209] For example, in the case of a NiFe3 nm/CoFe0.5nm laminating free layer, by the top type, it becomes a still 
rge value to a positive side by nickel81Fel9 (at%) as composition of NiFe, and although it is unusable, by the bottom 
pe, it becomes a positive small magnetostriction value by nickel81Fel9 (at%), and becomes the film which is 
itisfactory practically. 

>210] Cu film is used here as a high conductive layer which is the 2nd of the big points of this invention. This biggest 
»le of a high conductive layer is bringing a current pin center,large close to a free layer as much as possible, and 
ducing a current magnetic field. 

)21 1] in spite of using the well which also uses the spin-filter effect of MR by Cu conductive layer as still more nearly 
lother effect, and the ultra-thin free layer, there is no degradation of MR rate of change 

)212] The range of optimal Cu thickness is the same as that of the time of Top SFSV, and it is the same as that of the 
me of a top type that an optimum value shifts delicately according to the pin layer membrane thick difference of the 
pper and lower sides of free thickness and synthetic AF. Moreover, it is in low Hin in an ultra-thin free layer being 
;alizable as another big effects other than bias point adjustment of Cu cap layer, and high MR rate-of-change 
laintenance. For example, when there is no Cu cap at the same free thickness, and a thing with 30 or more Oe(s) of 
in(s) uses Cu cap, it can decrease up to about 10 Oe(s). 

)213] the high conductive layer of the high conductive layer Cu which touched the free layer CoFe as a variation of 

and (9-2) here which becomes replacing from the cascade screen more than a bilayer — composition — the bottom 
also good For example, C\i/Ru, Cu/Re, Cu/Rh, Cu/Pt, etc. are mentioned, since the magnetostriction of a CoFe free 
lyer is influenced by distortion as an effect made into a bilayer as described at the time of a top type, it is the main 
urposes to adjust magnetostriction lambdas Moreover, although it is important in this invention to realize low Hin, it 
lay be made two-layer also for the low Hin control purpose. 
)214] The following can be considered as concrete film composition. 
)215] 

a5/Ru/PtMnl0/CoFe2/Ru0.9/CoFe2.5/Cu2/Co0.5/NiFe2/Cul .5/Rul .5/Ta5 (9-3) 
a5/Ru/NiFeCr/IrMn7/CoFe2/Ru0.9/CoFe2.5/Cu2/Co0.5/NiFe2/Cul.5/Rul.5/Ta5(9-4) 
1 the above-mentioned film composition, to specific resistance 1 Omicroomegacm of Cu thin film, since Ru is 
Omicroomegacm, as an electric shunt effect, Ru3nm will bring about an equivalent effect to Culnm. That is, in the 
bove (9-3) and the film of (9-4), the thickness of a high conductive layer will say that it is equivalent to 2nm by Cu 
inversion. Since it is used in the range to 0.5nm - 3nm in the case of Cu monolayer, Ru is similarly used in 0.5nm - 
nm. However, as a high conductive layer which touches CoFe, since it is not desirable from the point of a narrow gap 
) make Ru not much thick, after using 0.5nm - about 2nm of Cu thickness using Cu etc. by carrying out in contact 
dth CoFe, it is desirable [ the Cu is more desirable, and ], since [ that specific resistance is also high in Ru ] the spin- 
Iter effect is weaker than the case of Cu to use other two-layer metallic materials. 
Example 4) Bottom SFSV (CoFe free layer) 

'a5/Ru2/PtMnl 0/CoFe2/Ru0.9/CoFe2.5/Cu2/CoFe2/Cu2/Ta5 (10-1) 

'a5/Rul/NiFeCr2/IrMn7/CoFe2/Ru0.9/CoFe2.5/Cu2/CoFe2/Cu2/Ta5 (10-2) this example It is the thing of the type 
dth which it belongs to the bottom type illustrated to drawing 2 , and the CoFe layer of a monolayer is used instead of 
le free layer 122. Except it, it is the same as that of the example 3 mentioned above. The material of layers other than 
free layer and the view of thickness are completely the same as that of an example 3. The merit using a CoFe free 
lyer is the same as that of the time of a top type. In this example, Ms*t by NiFe conversion at the time of 3.6nmT(s) 
arthermore, but As opposed to the spin-filter effect being thinly acquired by 2.5nm of thickness, if it is a CoFe 
lonolayer free layer when Ms*t-4.5nmT compares If it is NiFe/Co (Fe), NiFe4/Co0.5 (nm) and the total thickness will 
ecome thick, and the spin-filter effect of MR by preparing a high conductive layer is not acquired. A simple shunt 
lyer and a bird clapper, And the shunt effect of the NiFe itself also decreases 0 to 30% by deltaRs from a certain thing 
s compared with a CoFe monolayer free layer. 

3216] this example which is an example of a CoFe free layer also from the spin-filter effect of Ms*t being acquired 
rom the above thing in the latus range of Ms*t is more desirable than the case of an example 3. 
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217] the high conductive layer of the high conductive layer Cu which touched the free layer CoFe as a variation of 
0-1) and (10-2) here which becomes replacing from the cascade screen more than a bilayer — composition — the 
►ttom is also good For example, Cu/Ru, Cu/Re, Cu/Rh, etc. are mentioned, since the magnetostriction of a CoFe free 
/er is influenced by distortion like previous statement as an effect made into a bilayer, it is the main purposes to 
just magnetostriction lambdas Moreover, although it is important in this invention to realize low Hin, it may be made 
'o-layer also for the low Hin control purpose. The following can be considered £is concrete film composition. 
i5/NiFe/PtMnl0/CoFe2/Ru0.9/CoFe2.5/Cu2/CoFe2/Cul.5/Rul.5/Ta5(10-3) 
i5/NiFe/IrMn7/CoFe2/Ru0.9/CoFe2.5/Cu2/CoFe2/Cul.5/Rul.5/Ta5 (10-4) 

lere is also magnetostriction control by changing composition of CoFe in addition to the method of controlling the 
agnetostriction of CoFe by the above cascade-screen nonmagnetic quantity conductive layers. Although the way of a 
ound film generally tends to do the distorted adjustment which joins a free layer, it is because it becomes difficult to 
loose the material in the free layer bottom freely by the bottom type. If the laminating of the CoFe will be carried out 
1 Cu at the time of a bottom type and Co90FelO (at%) is then used, it will be easy to become the big magnetostriction 
•a negative side, in order to shift it to a positive side ~ Co it is desirable to use rich CoFe Specifically, it is 
390FelO-. It is desirable to use the CoFe free layer of Co96Fe4 (at%). however, Co — if it is made rich and a hep 
lase is intermingled, since the soft magnetism of a free layer will deteriorate (He increases), it is not desirable to use a 
oFe alloy like Co98Fe2 over which it passes richly [ Co ] 

'218] In the above-mentioned film composition, to specific resistance lOmicroomegacm of Cu thin film, since Ru is 
)microomegacm, as an electric shunt effect, Ru3nm will bring about an equivalent effect to Culnm. That is, in the 
)ove (10-3) and the film of (10-4), the thickness of a high conductive layer will say that it is equivalent to 2nm by Cu 
mversion. Since it is used in the range to 0.5nm - 3nm in the case of Cu monolayer, Ru is similarly used in 0.5nm - 
im. However, as a high conductive layer which touches CoFe, since it is not desirable from the point of a narrow gap 
make Ru not much thick, after using 0.5nm - about Inm of Cu thickness using Cu etc. by carrying out in contact 
ith CoFe, it is desirable [ the Cu is more desirable, and ], since [ that specific resistance is also high in Ru ] the spin- 
Iter effect is weaker than the case of Cu to use other two-layer metallic materials. 

Tie 2- gestalt : improvement in high temperature oxidation stability and a reproduction output of the 6th operation) 
ext, the gestalt of the 2nd - the 6th operation of this invention seen from a viewpoint of improvement in high 
mperature oxidation stability and a reproduction output is explained. 

1219] First, it outlines about technical thought common to the gestalt of the 2nd - the 6th operation. 
►220] Drawing 17 is drawing showing the gestalt of the 1 operation of the gestalten of the 2nd - the 6th operation of 
is invention. In drawing 17 , the lower shield 1 1 and the lower gap film 12 are formed in a substrate 10, and the spin 
lib element 13 is formed on it. A spin bulb element consists of a spin bulb film 14, a vertical bias film 15 of a couple, 
id an electrode 16 of a couple, and the nonmagnetic ground layers 141 and 142, the antiferromagnetism layer 143, the 
lagnetization fixing layer 144, the interlayer 145, the magnetization free layer 146, and the protective coat 147 are 
irmed fiirther. 

>221] Resistance rate-of-change deltaR/R of the material composition and thickness of an antiferromagnetism layer 
hich are combined with the ferromagnetic layer of SyAF at the time of using SyAF of the gestalt of operation of this 
ivention for a magnetization fixing layer, the switched connection constant J in 200 degrees C and exchange bias 
lagnetic field HUA* and HUA, the blocking temperature Tb, and a spin bulb element is shown in Table 6. Moreover, 
le same table at the time of using the magnetization fixing layer of the conventional monolayer as a magnetization 
xing layer is shown in Table 7. Moreover, the relation between the switched connection constant J of rocking curve 
alf-value-width deltatheta of the diffraction line peak from the maximum **** of the antiferromagnetism layer 
3mbined with SyAF and the antiferromagnetism layer side ferromagnetism layer of SyAF in 200 degrees C and the 
locking temperature Tb is shown in Table 8. 
)222] 
fable 1] 
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is invention person constitutes the magnetization fixing layer combined with 1 antiferromagnetism layer by SyAF, as 
iown in Table 6 and 8. They are 0.02 erg/cm2 as a switched connection constant J in the temperature of 200 degrees 
if composition of an antiferromagnetism layer is chosen. The above can be obtained, 2) when carrying out 
ientation of the maximxmi **** so that the rocking curve half- value width of the maximum **** peak of an 
itiferromagnetism layer may become small, and making it 8 degrees or less of rocking curve half-value width become 
degrees or less still more preferably preferably That the switched connection constant J in the temperature of 200 
agrees C can be raised, and by setting more preferably 20nm or less of magnetic thickness of 3 antiferromagnetism 
yers to lOnm or less It is the switched connection constant J in that it can raise more than equivalent with the 
distance rate of change of the spin bulb element which constituted resistance rate of change using the magnetization 
xing layer of a monolayer, and 4 temperature of 200 degrees C 0.02 erg/cm2 By carrying out above It sets in 
mperature of 200 degrees C, and is exchange bias magnetic field HUA*. It could be made 200 or more Oes, and even 
the maximum magnetic fields which join the spin bulb element of a reproduction element from a record medium etc. 
ere 200Oe(s), it finds out that a stable magnetization fixing layer is obtained, and came to make this invention. 
)225] Dramns 18 is [ the change of the resistance of a spin bulb film to an external magnetic field, and ] exchange 
as magnetic field HUA*, It is the shown ** type view. It is exchange bias magnetic field HAU* at drawing 18 . It is 
sfined as the value of the magnetic field which calculated the maximum of the magnetic field by which magnetization 
f a magnetization fixing layer does not move substantially as an intersection of the extension wire of the bay by the 
de of a low magnetic field, and the extension wire of the bay of a high magnetic field, exchange bias magnetic field 
XjA* ****** in resistance-magnetic influence when the magnetization fixing layer which has 200 or more Oes 
ids an extemal magnetic field in the magnetization fixing direction, resistance change magnetization hardly moved in 
le magnetic field range to 200Oe, and only the magnetization fi-ee layer carried out [ change ] the magnetization 
jsponse is obtained 

>226] After the magnetic field which is the operating point as a magnetic field sensor is accepted near the zero on the 
arve only the steep resistance change accompanying the magnetization response of a magnetization fi-ee layer 
idicates resistance-magnetic influence to be, and change of resistance is not accepted to the extemal magnetic field to 
30Oe other than the magnetization response of this magnetization fi-ee layer but a magnetization fi-ee layer is saturated 
ith drawing 18 , it is shown that there is no substantial response to a magnetic field. 

)227] When a conventional NiO antiferromagnetism layer and a conventional FeMnCr antiferromagnetism layer are 
sed, in 200 degrees C, J is hardly obtained. Moreover, since resistance rate of change becomes lower than the 
lagnetization fixing layer of the conventional monolayer when the CrMnPt antiferromagnetism layer of 30nm ** is 
sed, it is not desirable. 

)228] In the magnetization fixing layer of the conventional monolayer, although high HUA is obtained by 20nm thick 
Dt less when PtMn is used as shown in Table 7, the resistance rate of change in that case indicates a low value 
)mparatively to be 6.4 - 6.7%. 

)229] On the other hand, it is HUA* at 200 degrees C by using an antiferromagnetism layer with a thickness [, such as 
Mn, RhMn, RhRuMn, PtMn, NiMn, and CrMnPt, ] of 20nm or less according to the gestalt of operation of this 
ivention shown in Table 6. The outstanding thermal resistance of 200 or more Oes is satisfied, and, moreover, 
jsistance rate of change's being equivalent to the case the magnetization fixing layer of the conventional monolayer 
sing used, or the value beyond it is acquired. In addition, in this invention, the minimimi of antiferromagnetism layer 
lickness is 3nm or more preferably. 

)230] Drawing 19 is HUA*. The relation between elapsed time when the spin bulb film of the operation gestalt of this 
ivention of 200Oe(s) and the conventional HUA give the simulation bias magnetic field of 200Oe(s) at 200 degrees C 
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50ut the spin bulb film of the monolayer magnetization fixing layer of 500Oe(s), and the angle by which 
lagnetization of a magnetization fixing layer moved is shown. The spin bulb film of the operation gestalt of this 
ivention is HUA* in 200 degrees C [ as shown in drawin g 19 / the spin bulb film of the conventional monolayer 
lagnetization fixing layer ]. In spite of being small compared with 200Oe(s), and HUA of a monolayer magnetization 
Xing layer and 510Oe, it turns out that aging of the fixing magnetization in 200 degrees C is slight, and it excels in 
ability. 

)231] moreover, Mn, such as IrMn, RhMn, and RhRuMn, - in antiferromagnetism thickness lOnm or less, large 
ssistance rate of change is obtained and it is still more desirable than the case where the magnetization fixing layer of 
le conventional monolayer is used so that it may see, when a rich gamma-Mn system antiferromagnetic substance 
Im is used 

)232] Moreover, in the form of operation of this invention of Table 6, the antiferromagnetism layer of the range 
hose Tb is 240-300 degrees C shows the thermal resistance of good fixing magnetization. Therefore, since the 
lagnetization direction of a magnetization fixing layer is fi-eely controllable by the external magnetic field by adding 
le big magnetic field exceeding the joint magnetic field of a magnetic coupling layer near the Tb, and saturating the 
jrromagnetic layer A and the ferromagnetic layer B in this direction, the magnetization fixing processing of diffiision 
stween a magnetic coupling layer, and the ferromagnetic layer A and the ferromagnetic layer B at 300 degrees C or 
jss which seldom poses a problem is attained. 

)233] In order to prevent the influence of diffusion between a magnetic coupling layer, and the ferromagnetic layer A 
id the ferromagnetic layer B, or diffusion, it is desirable that thickness exceeds 0.8nm as a magnetic coupling layer, 
id it is desirable to use Ru, Rh, Cr, Ir, etc. Moreover, it is effective in the ferromagnetic layer A and the ferromagnetic 
yer B to use Co alloys, such as CoFe, and equivalent [ to the thickness of a magnetic coupling layer ] or to hold down 
le irregularity of a magnetic coupling layer to less than [ it ]. 

)234] fiirthermore, in the magnetization direction convention heat treatment of a magnetization fixing layer Since it is 
scessary to saturate the ferromagnetic layer A and the ferromagnetic layer B in this direction, if the thickness of the 
jrromagnetic layer A and the ferromagnetic layer B becomes thin to about 2nm When magnetic coupling thickness is 
.8nm or less, the antiferromagnetism-joint magnetic field of a magnetic coupling layer will increase more than about 7 
Oe(s) or it, and the magnetization direction convention heat treatment of a magnetization fixing layer will become 
ifficult by the practical external magnetic field. For this reason, the magnetization direction convention heat treatment 
fa magnetization fixing layer is possible for magnetic coupling thickness, and it is desirable at an extemal magnetic 
eld with more practical making it the thickness exceeding 0.8nm, for example, 7kOe(s). 
)235] In the SyAF magnetic coupling layer adopted in the form of operation of this invention of Table 6, by 
)nsidering as the thickness of 0.9nm of the magnetic coupling layer by which the thickness of the ferromagnetic layer 
which consisted of CoFe alloys, and the ferromagnetic layer B was constituted fi-om 2.5nm and Ru, 
itiferromagnetism joint magnetic fields are about 4 kOe(s), and can perform heat-resistant reservation of a 
lagnetization fixing layer good enough by the antiferromagnetism magnetic field of this level. 
)236] In this invention, the magnetic thickness of the ferromagnetic layer A and the ferromagnetic layer B is almost 
jual, or composition with the magnetic thickness of the ferromagnetic layer A thicker than the magnetic thickness of 
le ferromagnetic layer B is desirable. When the magnetic thickness of the ferromagnetic layer A and the 
aromagnetic layer B is almost equal, compared with the case where the magnetic thickness of the ferromagnetic layer 
is thicker than the magnetic thickness of the ferromagnetic layer B, magnetization of a magnetization fixing layer is 
anarkably stable to a medium magnetic field or a vertical bias magnetic field. 

)237] On the other hand, when the magnetic thickness of the ferromagnetic layer A is larger than the magnetic 
dckness of the ferromagnetic layer B, compared with the case where the magnetic thickness of the ferromagnetic 
lyer A and the ferromagnetic layer B is almost equal, a good BSD property without the fixing flux reversal by BSD 
m be realized. In this case, it is desirable that the ratio of the magnetic thickness of the ferromagnetic layer B to the 
lagnetic thickness of the ferromagnetic layer A considers as the range of 0.7-0.9. For example, it is desirable to 
insider [ the ferromagnetic layer A ] as a 2nm CoFe alloy at a 2.5nm CoFe alloy and the ferromagnetic layer B. Even 
hen the magnetic thickness of the ferromagnetic layer A and the ferromagnetic layer B is almost equal, even if the 
xing flux reversal by BSD arises by what the circuit which re-fixes magnetization of a magnetization fixing layer in 
le predetermined direction by current is included in a magnetic disk drive for (for example, U.S. Pat. No. 5650887), 
le drive which can re-fix can be realized. The values of J in 200 degrees C are 0.02 erg/cm2. In order to realize the ' 
30ve The gamma-Mn phase which consists of IrMn, RhMn, RhRuMn, etc. which make Mn a principal component. Or 
le antiferromagnetism layer (it is easy to realize composition of Mn at less than 40% exceeding 0) which makes the 
xle-ized phase of an AuCuII form the main phase Or it is desirable to use the antiferromagnetism layer (for it to be 
isy to realize Mn composition at 70% or less 40% or more) containing the rule-ized phase (CuAuI type) of the face- 
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mtered tetragon which consists of PtMn, FtPdMn, NiMn, etc., or Cr system antiferromagnetism layers, such as CrMn 
id CrAl. 

)238] The values of J [ in / 200 degrees C / furthermore / with these alloys ] are 0.02 erg/cm2. In order to reaUze the 
50ve in the thin antiferromagnetism layer from which high resistance rate of change is obtained, it is required to 
ralize the crystal structure in which the maximum **** carried out orientation. 

)239] For rocking curve half- value-width deltatheta of the diffraction line peak from the maximum **** and half- 
alue- width [ from the relation between Tb and J ] deltatheta showing the amount of preferred orientation shown in 
able 8 which are a parameter, the values of J are 0.02 erg/cm2 at 8 degrees or less. It tums out that the above is 
btained and the magnetoresistance-efifect head of this invention can be realized. If the maximum **** carries out 
rientation to face-centered tetragons, such as PtMn, similarly in the rule-ized antiferromagnetism layer of bcc 
/stems, such as an antiferromagnetism layer and CrMn, J high Tb in thin antiferromagnetism thickness and high at 
DO degrees C is realizable, here - the maximum in the case of a fee phase, in the case of a hep phase, a peak 

)02) is meant, and, as for the case of a bcc phase, a peak (1 10) is meant for a peak (111), respectively Moreover, in 
tMn containing the rule-ized phase which consists of a face-centered tetragon etc., it means that the fee phase which 
mains is carrying out plane orientation (1 1 1), or that the rule-ized field (1 1 1) of a face-centered tetragon is carrying 
at orientation. In addition, in the case of a fee phase or a hep phase, a stacking fault may also be included. 
)240] In addition, as shown in drawing 20 , the fluctuation from the film surface perpendicular direction of the 
laximum **** spot in the transmission-electron-microscope diffraction image from a head cross section can also 
repress the rocking curve half-value width of the diffraction line peak from the maximum ****, and the rocking curve 
alf-value width and the fluctuation angle of the maximum **** spot of a transmission-electron-microscope diffraction 
nage by X-ray diffraction are in agreement in general. 

)241] In order to realize such a good maximum **** array, membrane formation of a spin bulb film is performed in 
le atmosphere which suppressed impurities, such as oxygen gas, as much as possible. For example, the membrane 
)rmation by the equipment by which preliminary exhaust air is made even on a 10-9Torr base, 500 ppm Membrane 
)rmation using the spatter target which suppressed the oxygen content below. The membrane formation given in case 
spatter atom deposits moderate energy on a substrate by methods, such as a substrate bias spatter There are methods, 
ich as preparing nickel system alloy layers, such as a noble-metals simple substance or alloy ground layers, such as a 
round layer, for example, Au, Cu, Ag, Ru, Rh, Ir, Pt, Pd, etc., and NiFe, NiCu, NiFeCr, NiFeTa, between an alumina 
ap layer and a spin bulb film. 

)242] As mentioned above, it outlined about the technical thought [-like in common ] about the gestalt of the 2nd of 
lis invention about "improvement in thermal resistance and a reproduction output" - the 6th operation. 
)243] Next, the gestalt of the 2nd - the 6th operation of this invention is explained in detail. 

)244] (Gestalt 2 of operation) An example of the magnetoresistance-effect head which starts this operation gestalt at 
rawing 1 7 is shown. In drawing 1 7 , the lower shield 1 1 and the lower gap film 12 are formed in the Al Chick 
duminum 203 and TiC) substrate 10, and the spin bulb element 13 is formed on it. The lower shields 1 1 are NiFe 
^hich has the thickness of 0.5-3 micrometers, Co system amorphous magnetism alloy, a FeAlSi alloy, etc., and it is 
esirable to remove surface irregularity by polish with NiFe or a FeAlSi alloy here. Moreover, an alumina with a 
lickness of 5-lOOnm, nitriding aluminum, etc. are used for the lower gap film 12. 

)245] A spin bulb element consists of a spin bulb film 14, a vertical bias film 15 of a couple, and an electrode 16 of a 
ouple. A spin bulb film consists of protective coats 147 with a thickness of 0.5-lOnm the 2nd ground layer 142 with a 
lickness of 0.5-5nm, the antiferromagnetism layer 143, the magnetization fixing layer 144, the interlayer 145 with a 
lickness of 0.5-4nm, the magnetization free layer 146, and if needed the nonmagnetic groimd layer 141 with a 
lickness [, such as Ta, Nb, Zr, and Hf, ] of 1-1 Onm and if needed. 

)246] The gap layer 17 and the upper shield 18 are formed on it. Moreover, although not illustrated, the Records 
>epartment is further formed on it. As for the gap layer 17, NiFe which is used and has the thickness of 0.5-3 
licrometers to the upper shield 18, Co system amorphous [ an alumina with a thickness of 5-lOOnm, nitriding 
luminum, etc. ] magnetism alloy, a FeAlSi alloy, etc. are used. 

3247] When the rule system alloy of face-centered tetragons, such as Mn rich alloy of gamma-Mn systems, such as 
•Mn, RhMn, and RhRuMn, and PtMn, NiMn, is used as an antiferromagnetism layer 143 AuCu to which the ground 
lyer 142 makes a principal component them, such as Cu, Ag, Pt, Au, Rh, Ir, and nickel The hep phase metal which 
onsists of alloys [, such as Ru and Ti, ] which make them a principal component, such as alloys, such as CuCr, nickel 
f a Japanese Patent Application No. [ No. 229736 / nine to ] publication, nickel system alloy, NiFe, and a NiFe system 
Hoy, is desirable. 

3248] Moreover, although the ground layer mentioned above is sufficient as the ground layer 142 when using Cr 
ystem antiferromagnetism alloy film as an antiferromagnetism layer 143, the ground layer which consists of alloys 
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hich make them a principal component, such as Cr, V, Fe, etc. which consist of a bcc layer, is also suitable. 
1249] The magnetization fixing layer 144 consists of three layer membranes which consist of 1443 of 1441 of the 
*^o-layer ferromagnetic layer B combined in antiferromagnetism through the magnetic coupling layer 1442, and the 
Tromagnetic layer A. Since a big resistance change will be obtained if nonmetals, such as oxygen and nitrogen, are 
serted in the middle of the ferromagnetic layer B and the antiferromagnetism layer 143, or the middle of the 
Tromagnetic layer B and the antiferromagnetism film of a vertical bias film, it is desirable. In this case, the layer 
ickness which inserts a nonmetal has desirable 0.2-2nm. For example, ferromagnetic layer A (or the ferromagnetic 
yer B) / oxidizing zone / ferromagnetic layer B (or the ferromagnetic layer A) which minded the oxidizing zone in 
le middle for the ferromagnetic layer A (or the ferromagnetic layer B) are desirable. 

)250] The magnetic coupling layer 1442 has desirable Cr from which an antiferromagnetism joint function is obtained 
I the metal which consists of Ru, Rh, Ir, and Cr, Ru which has a big antiferromagnetism joint function especially, Ru 
hich has an antiferromagnetism joint function in the latus thickness range, or the latus thickness range. It is usable if 
is the thickness which can discover an antiferromagnetism joint function as shown in reference (Phy.Rev.Lett.67. 
991) 3598) as thickness of a magnetic coupling layer. 

)251] Residual magnetization ratio Mr/Ms shows Ru ** after heat treatment at the time of using Ru for the magnetic 
)upling layer of the ferromagnetic layer of Co, and the ferromagnetic layer of a CoFe alloy, and the relation of the fall 
5gree of antiferromagnetism combination to dmwing 21 . Mr/Ms=l shows that antiferromagnetism combination is 
)mpletely disappearance and antiferromagnetism combination with perfect Mr/Ms=0 here. 
)252] 1 .2nm or less is desirable exceeding 0.8nm which does not produce property degradation of the magnetic 
)upling function by counter diffusion with the ferromagnetic layer B, and the ferromagnetic layer A and the magnetic 
)upling layer which adjoins even if it performs heat treatment at 250-300 degrees C which is needed at the head 
-ocess of heat treatment or others of deciding the magnetization direction of the magnetization fixing layer 144 
spending on the case when Ru is used for a magnetic coupling layer as shown in drawing 21 etc, Antiferromagnetism 
)mbination will become difficult, if Ru layer needs to pay attention for the fall of the antiferromagnetism joint 
motion by counter diffusion in O.Snm or less and exceeds 1 .2nm ** on the other hand. Moreover, when Cr is used for 
magnetic coupling layer, 1 .5nm or less is desirable at the same reason as the case where Ru is used, exceeding O.Snm. 
nd in the ferromagnetic layer B and the ferromagnetic layer A, Co or Co system alloy is desirable. 
)253] If a Col-x Fe alloy (0< x<=0.5) is used for the ferromagnetic layer B and the ferromagnetic layer A, especially 
nee a big switched connection coefficient with the antiferromagnetism layer 143 which consists of a Mn rich alloy of 
mima-Mn systems, such as IrMn, RhMn, and RhRuMn, is obtained and diffusion with Ru, the ferromagnetic layer B, 
id the ferromagnetic layer A can moreover be prevented, it is desirable. In replacing with a CoFe alloy and using Co,' 
)mpared with the case where 270 degrees C and the thickness range of the magnetic coupling layer which can 
laintain a stable magnetic coupling function also with heat treatment about maintenance for 1 hour are CoFe alloys as 
is about set to two thirds and it is shown in drawing 21 , it becomes narrow. 

)254] In addition, the surface smooth nature of a magnetic coupling layer is also important in order to maintain the 
Lcrmal resistance of the antiferromagnetism joint function, and it is 2 lOnm. Generating of the bigger surface 
regularity in the minute field in the film surface of a grade than the thickness of a magnetic coupling layer degrades 
le thermal resistance of an antiferromagnetism joint function. Therefore, as for the size of the surface irregularity of a 
lagnetic coupling layer, it is desirable that it is below the thickness of a magnetic coupling layer. 
)255] Change of the spin bulb film surface resistance Rs to the thickness of the ferromagnetic layer A and the 
Tromagnetic layer B, field resistance change deltaRs, and resistance rate-of-change deltaR/R is shown in Table 9. 
loreover, the change of resistance to the magnetic field of a spin bulb film is shown in drawing 22 . 
)256] " " 
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le external magnetic field with which the thickness of the ferromagnetic layer B and the ferromagnetic layer A was 
esirable in order to obtain resistance rate of change with big l-5nm, and Inm - 3nm thickness was especially indicated 
> be to drawing 22 from Table 9 - receiving ~ a stable (the falls of resistance are few even if it adds the extemal 
lagnetic field of +600Oe) magnetization fixing layer - in addition, especially since the strong spin bulb film surface 
.^sistance Rs is obtained and field resistance change deltaRs can also be satisfied, it is desirable Here, only by being 
irge, since a reproduction output is proportional to the product of sense current and resistance change and resistance 
lange is proportional to the product of field resistance of resistance rate of change and a spin bulb film, resistance rate 
f change cannot obtain high power, when field resistance is small. That is, in order to obtain high power, high field 
jsistance is required with high resistance rate of change. 

)257] Drawing 23 is drawing showing the resistance change by the magnetic field at the time of seting thickness of 
le ferromagnetic layer A constant 3nm, and changing the thickness of the ferromagnetic layer B. 
)258] If magnetic thickness of the ferromagnetic layer A and the ferromagnetic layer B is made equal so that drawing 
3 may see, change of resistance by the high magnetic field of H-600Oe is small, therefore a remarkable stable 
lagnetization fixing layer can be realized to a medium magnetic field, the magnetic field from a vertical bias layer, the 
jctemal magnetic field at the time of the Records Department formation heat treatment, etc. Moreover, the problem of 
le flux reversal of the magnetization fixing layer by ESD is current by the circuit which compensates the fixing 
lagnetization direction included in the drive, as already stated, and it can respond by returning the magnetization 
irection towards desired. 

)259] On the other hand, the following advantages are acquired by changing the magnetic thickness of the 
jrromagnetic layer A and the ferromagnetic layer B. Operation of magnetization fixing by heat treatment for making 
le 1st and magnetization of the magnetization free layer which is the fundamental composition of a spin bulb, and a 
lagnetization fixing layer cross at right angles first becomes easy. Higher resistance rate of change is obtained by 
laking magnetic thickness of the ferromagnetic layer B smaller than the magnetic thickness of the ferromagnetic layer 
i by the table 10 showing the relation between the thickness of the ferromagnetic layer B, and resistance rate of 
hange in the 2nd, so that clearly. The flux reversal of the magnetization fixing layer by ESD will hardly happen 
3rd ], and a stable reproduction output is obtained to near the breakdown voltage. It is the voltage on which a spin 
ulb element destroys breakdown voltage with vohage here, and spin bulb element resistance begins to increase. 
3260] 
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Dr example, when the ratio of the magnetic thickness of the ferromagnetic layer B and the ferromagnetic layer A is set 

; the ferromagnetic layer A, the ferromagnetic layer B, and a magnetization free layer 0.7-0.9 when Co, CoFe, and 

iFe are used, respectively and Cu is used for a nonmagnetic interlayer, and the thickness of the ferromagnetic layer B 

set as 2.5nm, a good ESD property as shown in .drawing 24 , drawing .25 , and Table 1 1 can be acquired. Resistance 

id an output after drawing 24 and drawing 25 give the ESD voltage of the simulation by the human body model to a 

)in bulb element here are shown, and dramng „24 shows the case where the magnetic thickness of dmwing 25 of the 

irromagnetic layer A is larger than the magnetic thickness of the ferromagnetic layer B, when the magnetic thickness 

Fthe ferromagnetic layer A and the ferromagnetic layer B is equal. Moreover, Table 1 1 shows the ESD property by 

lc test pattern to a spin bulb element. 
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Jthough the magnetic field which is mainly concerned with a current magnetic field in a magnetization fixing layer at 
le time of ESD generating is strongly added [ rather than ] to the ferromagnetic layer A to the ferromagnetic layer B, 
lis The ratio of the current magnetic field, and H(current) B/H(current) A Since it is mostly in agreement with the 
jciprocal ratio of magnetic thickness, and A (Ms-t)/(Ms-t) B The variation of the energy of the magnetization and 
jctemal magnetic field of the ferromagnetic layer A and the ferromagnetic layer B offsets each other. It is because the 
nergy change as the whole and {(Ms-t )-H(current)} A-{(Ms-t )H(curreent)} B can realize a small state and, as a 
jsult, cannot move magnetization of a magnetization fixing layer by the ESD current magnetic field. 
)262] When the ferromagnetic layer A is 2nm as shown in drawing 2 3 , therefore (Ms-t) 3nm and the ferromagnetic 
lyer B are set to B / (Ms-t) A = 0.67, they compare the ferromagnetic layer A and the ferromagnetic layer B with the 
ase of this 3nm drawing (a), and it is HUA*. It falls, therefore the thermal resistance of a magnetization fixing layer 
Iso falls. Thus, when magnetic thickness of the ferromagnetic layer B is made smaller than the ferromagnetic layer A, 
; is desirable to choose the energization direction of sense current so that the magnetic field from sense current may be 
dded in the same direction (namely, the same direction as magnetization of the ferromagnetic layer B) as the bias 
lagnetic field from the antiferromagnetism layer which joins the ferromagnetic layer B. Since the disclosure magnetic 
ield by which it is equivalent to the magnetic thickness difference of the ferromagnetic layer A and the ferromagnetic 
lyer B like the spin bulb film of the magnetization fixing layer of the conventional monolayer when the direction of 
le ferromagnetic layer A has magnetic large thickness joins a magnetization free layer, the reason Although 
lagnetization rectangular cross arrangement with a magnetization free layer and a magnetization fixing layer is 
isturbed and the fall of a reproduction output produces the problem of the vertical asymmetry of a reproduction wave 
icreasing This disclosure magnetic field can be offset by passing sense current so that the magnetic field by sense 
urrent may be added in an exchange bias magnetic field and this direction, as shown in drawing 26 which shows the 
lagnetization and disclosure magnetic field in a spin bulb. 

0263] It is desirable to use for a nonmagnetic interlayer the alloy which makes a principal component Cu, Au, Ag 
imple substance, or them. Although it can be fundamentally used if it is about 1-1 Onm which is the range which can 
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btain resistance rate of change, especially since the ferromagnetic-like joint magnetic field which the thickness range 
f 1.5nm - 2.5nm generates between a magnetization fixing layer and a magnetization free layer can be suppressed to 
5 or less Oes and high resistance rate of change is especially obtained by the spin bulb fibn of this invention, the 
dckness is desirable. 

)264] The NiFe alloy which minded [ Co alloy /, such as Co, CoFe, CoNi, and CoFeNi, /, NiFe alloy, or those 
iminating composition, for example, interlayer, ] 0.3-1. 5nm thin Co is used for a magnetization free layer. And the 
dckness of a magnetization free layer has desirable 1-1 Onm. 

)265] Table 12 is a table in which having set the thickness of a magnetization fixing layer (magnetization fixing layer) 
instant 2.5nm, and having shown the relation between the thickness of a magnetization free layer, and resistance rate- 
f-change deltaR/R. As shown in Table 10, in this invention, magnetization free thickness is desirable, especially m 
rder that 2-5nm may obtain high resistance rate of change. 
)266] 
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able 13 is a table in which having set magnetization free layer thickness constant 4nm, and having shown the relation 

stween the thickness of the ferromagnetic layer A of a magnetization fixing layer, and resistance rate-of-change 

sltaR/R. As shown in Table 11, it is desirable to have the relation of -0.33 <={t(F)-t(P)}/t(F) <=0.67 between 

dckness [ of a 2-5nm magnetization free layer ] t (F) and thickness [ of the ferromagnetic layer A ] t (P) in order to 

btain high resistance rate of change. 
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letals, such as Ta, Nb, Zr, Cr, Hf, Ti, Mo, and W, those alloys or the oxide of these metals, a nitride, etc. are used for 
protective coat. It is desirable in order that protective coats of high resistance, such as a NiFe oxide, nitriding 
luminum, and a tantalic-acid ghost, may especially obtain high resistance rate of change by the oxide or the nitride, 
)r example. Since removal by etching of a protective coat becomes easy when forming the electrode and vertical bias 
lyer which a thing thin as much as possible describes as 0.3-4nm later, the thickness is desirable. Moreover, in the 
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ise offer example, a CoFe magnetization free layer, in the case of a NiFe magnetization free layer, Cu/Ru, Cu and 

Cu alloy, etc. may use a noble-metals simple substance, an alloy monolayer, or layered products, such as Ag, Au, 
u, Ir, Cu, Pt, Pd, and Re, for Ag, Ru, Ru/Ag, Ru/Cu, Cu, etc. at a protective coat. You may form high resistance 
rotective coats, such as Ta, further on an oxide, a nitride, and a noble-metals protective coat. 

)268] Making magnetization of a magnetization fixing layer and a magnetization free layer intersect perpendicularly 
m be carried out by the following method. That is, after carrying out in the magnetic field to which the 
itiferromagnetism layer 143 impressed membrane formation to the magnetic coupling layer 1442 in the cross 
irection, i.e., height direction, of a spin bulb element when forming a spin bulb in the case of Mn rich alloy of gamma- 
In systems, such as IrMn, RhMn, and RhRuMn, it heat-treats in order to, arrange the direction of a switched 
Dnnection bias magnetic field of the antiferromagnetism layer 143 with ** on the other hand. In addition, it is more 
esirable for magnetic coupling layers, such as Ru, to form membranes to 1442 layers of magnetic coupling layers, 
nee it is more strong to oxidization, although ****** [ heat treatment for on the other hand arranging the direction of 
switched connection bias magnetic field of this antiferromagnetism layer 143 with ** / immediately after membrane 
)rmation of the ferromagnetic layer B ]. It is desirable in a vacuum a short time and to carry out preferably at 
mperature higher than Tb in a short time for 10 or less minutes and the magnetic field with which the ferromagnetic 
lyer B is saturated completely, without this heat treatment carrying out leak after membrane formation. For example, 
b carries out about 1 minute at 350 degrees C at IrMn which is 300 degrees C. 

)269] Next, without leaking, at least during magnetic free layer membrane formation, a magnetic field is added in the 
irection of the width of recording track of a spin bulb element, and a subsequent spin bulb element is formed, 
[though the case of the rule combination gold of PtMn or NiMn also has the same antiferromagnetism layer 143 - the 
atiferromagnetism layer of a gamma-Mn system - differing - not necessarily -- the membrane formation to the 
aromagnetic layer B - the inside of a magnetic field ~ it is not necessary to carry out - subsequent heat treatment ~ 
le elevated temperature of 200 degrees C or more - it is necessary to carry out preferably at 270-350 degrees C for 1 
) 20 hours for several hours After heat treatment gives a magnetic field during membrane formation of a 
lagnetization free layer similarly, and performs subsequent spin bulb membrane formation. 
)270] In addition, any antiferromagnetism layer can also perform heat treatment in spin bulb membrane formation 
fter spin bulb membrane formation. In this case, it is desirable to add the magnetic field exceeding the joint magnetic 
eld of the magnetic coupling layer 1442, to saturate completely magnetization of the ferromagnetic layer A and the 
jrromagnetic layer B in this direction (the height direction), and to heat-treat. For example, the magnetic field which 
jrromagnetic layer B / magnetic coupling layer / ferromagnetic layer A adds during heat treatment since the joint 
lagnetic fields of Ru are about 6 kOe(s) in CoFe2 nm/RuO.9 nm/CoFe2nm has 7 or more desirable kOes. In order to 
lake small the magnetic field added at the time of this heat treatment, it is desirable to heat-treat, before processing a 
Din bulb film into an element configuration. After processing, since [ of an anti-magnetic field ] it is based on an 
lement configuration, a strong magnetic field is needed saturating the ferromagnetic layer A and the ferromagnetic 
lyer B. 

3271] Magnetization of the magnetization fixing layer 144 is made to fix towards desired by the above method, 
[owever, when the above-mentioned heat treatment is strong, it becomes difficult for the magnetization free layer 146 
nd the easy axis of the lower shield 1 1 to make it intersect perpendicularly with magnetization of a magnetization 
Xing layer toward the height direction of a spin bulb element like a magnetization fixing layer. In order to turn a 
lagnetization free layer and the easy axis of a lower shield in the direction of the width of recording track, in the resist 
lire process in a recording head, it is desirable to add the degree about magnetic field of necessary minimum with 
/hich a shield and a magnetization free layer are saturated in the direction of the width of recording track, for example, 
00-300 Oes, and to stabilize the easy axis of a shield or a magnetization free layer in the direction of the width of 
^cording track. Moreover, as for a lower shield, it is desirable to stabilize an easy axis in the direction of the width of 
scording track with heat treatment beforehand before spin bulb membrane formation. 

3272] What CoPt, CoPtCr, etc. which were formed on grounds, such as a hard magnetic film, for example, Cr, and 
rCo, carried out the laminating of the ferromagnetism layer 151 and the antiferromagnetism layer 152 to the vertical 
ias layer one by one, and made the ferromagnetic layer hard is used with the element structure of the ABATTOJI 
ushion type shown in drawing H , i.e., the element structure which removed the width-of-recording-track edge of a 
lagnetization free layer, and formed the vertical bias layer there. The antiferromagnetism layer 152 may be formed 
irst and, next, the ferromagnetic layer 151 may be formed. The magnetic thickness ratio of the ferromagnetic layer by 
/hich switched connection bias was carried out by the vertical bias ferromagnetism layer to a magnetization free layer, 
e., a hard magnetic layer, and the antiferromagnetism film in order to have obtained the steep reproduction sensitivity' 
rofile in a width-of-recording-track edge corresponding to the fiiture ** truck, and LB (Ms-t)/(Ms-t) F Setting or less 
) two is desirable. If a magnetization free layer becomes thin to about 3-6 nmTs by 2-5nm ** or magnetic thickness, it 
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LB (Ms-t)/(Ms-t) F, In order to carry out to two or less, a vertical bias ferromagnetism layer also becomes very thin, 
)r example, it is set to 12 or less nmTs by magnetic thickness. 

)273] However, generally, by the hard magnetic fibn, if it becomes thin to lOimi thick intensity, high coercive force 
ill become difficult to get. For example, what was the high coercive force of 2000Oe in the CoPt hard magnetic film 
hose Ms is IT at 20nm ** falls to 800Oe(s) in lOnm. On the other hand, in a ferromagnetic / antiferromagnetism film 
pe vertical bias layer, an exchange bias magnetic field increases and fixing becomes firm, so that a ferromagnetic 151 
scomes thin. For example, the coercive force which was 80Oe(s) at 20nm ** in the vertical bias layer which carried 
ut the laminating of the IrMn of NiFe whose Ms is IT, and 7nm ** increases even to 160Oe(s) in lOnm **. These 
60Oe(s) are values which have an actual result by the conventional MR head. Therefore, it is desirable to use a 
jrromagnetic / antiferromagnetism film type vertical bias layer in the field where magnetization fi^ee layer thickness is 
ery thin, for example, a field in which it becomes 5nm thick less or equal. 

)274] Furthermore, it is desirable when it fully removes a Barkhausen noise in the vertical bias layer of ferromagnetic 
51 / antiferromagnetism film 152 that the saturation magnetization of a ferromagnetic 151 is almost equal to the 
ituration magnetization of a magnetization free layer, or it is larger than it by as small the vertical bias magnetic field 
5 possible. That is, although a NiFe alloy is sufficient as a ferromagnetic 151, a NiFeCo alloy with more large 
Ituration magnetization, a CoFe alloy, Co, etc. are more desirable. If a disclosure magnetic field is strengthened, a 
arkhausen noise is removed by enlarging the thickness using the small film of saturation magnetization as a 
jrromagnetic 151 and it will become the narrow width of recording track especially, the fall of a reproduction output 
ill be caused. 

)275] In addition, although the case where a vertical bias layer was formed was shown by drawing 17 without 
smoving all spin bulb films, you may carry out etching removal to the ground layer 141. However, in order to keep 
le crystallinity of a ferromagnetic layer good, it is desirable to leave the ground layer 142 at least and to use the 
ystalline improvement effect as the depth in which it before forming a vertical bias layer. From a 

iewpoint of a thickness control, it is desirable to ********** ^j^^ thicker antiferromagnetism layer 143 a little, to 
eaken the exchange bar chair, and to obtain the vertical bias layer of a good hard film property. You may give the 
ertical bias layer which ends etching to a nonmagnetic interlayer's middle and consists of a 151/antiferromagnetism 
Im 152 of ferromagnetics on it. In addition, in order [ for a crystalline improvement ] to weaken the magnetic 
3Upling of a magnetization fixing layer, the antiferromagnetism layer 143, and a vertical bias layer, you may form the 
ery thin ground layer 153 as well as the ground layer 143 in the bottom of a ferromagnetic 151. In order to stop 
?duction of the magnetic coupling of a magnetization free layer and a vertical bias layer to the minimum, the thickness 
f the ground layer 153 has desirable lOnm or less. 

)276] When using a hard magnetic film, it is desirable to arrange the saturation magnetization of a magnetization free 
lyer and a hard magnetic film similarly. However, it is usually difficult to produce the hard magnetic film of the high 
ituration magnetization which is equal to high saturation magnetization free layers, such as CoFe. Then, the method 
f maintaining balance with saturation magnetization with a magnetization free layer is suitable for removing a hull 
:UHAUZEN noise by the small vertical bias magnetic field using the fibn of high saturation magnetization like FeCo 
3 a ground of a hard magnetic film. 

)277] The same antiferromagnetic substance as what was used for the spin bulb film can be used for the 
ntiferromagnetism film 152. However, the exchange bias magnetic field of the height direction and the 
titiferromagnetism film 152 of a vertical bias layer needs to make the direction of the width of recording track, and the 
xchange bias magnetic field of the antiferromagnetism layer of a spin bulb cross at right angles mutually. Then, after 
for example, ] heat treatment prescribes the direction of an exchange bias magnetic field of the antiferromagnetism 
lyer which both blocking temperature Tb is changed and has high Tb first, A mutual exchange bias magnetic field can 
e made to intersect perpendicularly by setting up the direction of an exchange bias magnetic field of the 
atiferromagnetism film which has low Tb, heat-treating low temperature more to the antiferromagnetism film which 
as Tb lower than it, and keeping stable the direction of exchange bias of a high Tb antiferromagnetism layer. 
)278] On the antiferromagnetism film 152, specifically with heat treatment of PtMn, PdPtMn, etc. Although the 
ntiferromagnetism film which discovers HUA is sufficient, Tb which a magnetization fixing layer can heat-treat at 
table temperature is 200-300 degrees C. If the antiferromagnetic substance with Tb higher than it, i.e., IrMn, PtMn, 
tPdMn, etc. are used for the antiferromagnetism layer of a spin bulb film, RhMn, IrMn, RhRuMn, FeMn, etc. The 
irection of exchange bias of the antiferromagnetism film 152 can be specified in the direction of the width of 
scording track, without disturbing the direction of magnetization fixing layer magnetization of a spin bulb film at the 
2sist cure heat treatment process mentioned above. That is, **** can make vertical bias and magnetization fixing layer 
lagnetization intersect perpendicularly good, even if the blocking temperature gradient between both 
ntiferromagnetism films is dozens of degrees C by using the property which pin magnetization stabilizes rapidly 
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elow at the blocking temperature which is the feature of this invention. When IrMn, FeMn, RhMn, RhRuMn, 
'rMnPt, CrMn, etc. which can give an exchange bias magnetic field to the antiferromagnetism film 152 by membrane 
)rmation among a magnetic field are used, heat treatment moreover, to eye an unnecessary hatchet No matter what 
lyer [ antiferromagnetism ] the direction of a bias magnetic field of the antiferromagnetism layer 143 of a spin bulb 
Im may not be disturbed and it may use for the antiferromagnetism layer 143 of a spin bulb film, the direction of 
ertical bias and the magnetization fixing layer magnetization direction can be made to intersect perpendicularly. 
)279] On the other hand, as shown in dramng_2_7 , vertical bias can be added to a magnetization fi-ee layer also with 
le structure which carried out etching removal only of the protective coat 147 of the width-of-recording-track edge of 
magnetization free layer, and carried out the switched connection laminating of the antiferromagnetism film on it. As 
)r the vertical bias layer 15, it is desirable to mind the buffer layer 151 1 for strengthening switched connection with a 
lagnetization free layer as the antiferromagnetism layer 152 and its ground. As for this buffer layer 151 1, it is 
esirable that it is the ferromagnetic layer which consists of Fe, Co, nickel, etc. The convention of the magnetization 
irection of vertical bias is the same as that of the case of the vertical bias of the 151/antiferromagnetism layer 152 of 
aromagnetic layers. The vertical bias method using the antiferromagnetism layer has the advantage which can 
appress a Barkhausen noise, without generating an excessive vertical bias magnetic field like a hard magnetic-film 
lethod, and causing the sensitivity fall of a head. 

)280] (Form 3 of operation) The 3rd operation form of this invention is shown in drawing28 . As for draMng 28 , the 
Tucture of a spin bulb film differs from drawi ng 21 . In drawing 27 , the spin bulb film 14 formed on the lower gap 12 
a, Nb, Zr, The nonmagnetic ground layer 141 with a thickness [, such as Hf, ] of 1-lOnm, It consists of protective 
oats 147 with a thickness of 0.5-lOnm the 2nd ground layer 142 with a thickness of 0.5-5nm, the magnetization free 
lyer 146, the interlayer 145 with a thickness of 0.5-4nm, the magnetization fixing layer 144, the antiferromagnetism 
lyer 143, and if needed if needed. The magnetization free layer (free layer) 146, an interlayer 145, the magnetization 
xing layer 144, and the antiferromagnetism layer 143 are the same composition as the operation form 2 here. 
)281] When the alloy which makes a principal component Au, Cu, Ru, Cr, nickel, Ag, Pt, Rh, or them was used and a 
!oFe alloy is used especially for a magnetization free layer, the thermal resistance of resistance rate of change can be 
iised to the ground layer 142. 

)282] In drawing 27 , the spin bulb element 13 is constituted by tiie same vertical bias layer 15 of a couple as drawing 
1 , and the electrode 16 of a couple together with the spin bulb 14. The upper gap layer 17 and the upper shield 18 are 
onstituted still like drawing 2 1 on it. 

)283] (Form 4 of operation) Drawing 29 is the operation form of further others of this invention, and shows the 
xample at the time of applying this invention to dual type spin bulb structure. 

)284] In drawing 29 , like the case of drawing 21 of the operation form 2, and drawing 27 of the operation form 3, the 
ertical bias layer 15 of a couple, tiie electrode 16 of a couple, the vertical bias layer 15, and the spin bulb element 13 
lat consists of a spin bulb film 14 are formed on the lower shield 1 1 and the lower gap 12, and the upper gap 17 and 
le upper shield 18 are formed on it. However, the interval of an electrode 16 and the composition of the spin bulb film 
4 differ from drawing 21 and drawing 27 . 

)285] The spin bulb film 14 Ta, Nb, Zr, The nonmagnetic ground layer 141 with a thickness [, such as Hf, ] of 1- 
Onm and the need are accepted. The 2nd ground layer 142 with a thickness of 0.5-5nm, the antiferromagnetism layer 
43, the magnetization fixing layer 144, the interlayer 145 with a thickness of 0.5-4nm, the magnetization free layer 
46, the 2nd interlayer 148 with a thickness of 0.5-4nm, It consists of protective coats 147 with a thickness of 0.5- 
Onm the 2nd magnetization fixing layer 149, the 2nd antiferromagnetism layer 150, and if needed. 
)286] The laminating magnetization fixing layer which becomes at least one side of the magnetization fixing layer 
44 and the magnetization fixing layer 149 from the same ferromagnetic layer A and same magnetic coupling layer as 
rawing 1 7 , and the ferromagnetic layer B is used, the combination of the monolayer magnetization fixing layer of the 
3rmer [ layer / 1 magnetization fixing / 149 / layer / magnetization fixing / 144 / a SyAF magnetization fixing layer 
nd ] and 2 — to the magnetization fixing layer 144, the combination of a SyAF magnetization fixing layer can be 
onversely used in a SyAF magnetization fixing layer and the magnetization fixing layer 149 in the combination of the 
onventional monolayer magnetization fixing layer, or the both sides of 3 magnetization fixing layer 149 and the 
lagnetization fixing layer 144 / and 

3287] Although the vertical bias layer 15 is the so-called ABATTO junction type of element structure After using the 
ame vertical bias layer 1 5 as drawing 17 , drawing 27 , and drawing 28 into the Uft-off method, using a photoresist as 
mask and carrying out etching removal of tiie width-of-recording-track edge of a spin bulb film, by methods, such as 
spatter, vacuum evaporationo, and ion beam membrane formation forming the vertical bias layer 1 5 — facing ~ 
tching removal of the spin bulb film 14 ~ at least - the conductor layer of the spin bulb film 14 --******- it is 
esirable to carry out like For example, when the antiferromagnetism layer 143 is a gamma-Mn system alloy like IrMn, 
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is desirable to leave a part of antiferromagnetism layer 143 at least. 

)288] If it leaves the conductor section to a width-of-recording-track edge, since the contact resistance of an 
BATTO junction will fall, it is easy to realize the spin bulb element 13 of low resistance, and, for this reason, a 
rong head can be realized to static electricity. Of course, etching removal of all the spin bulb films of a width'-of- 
jcording-track edge may be carried out, and a vertical bias layer may be formed. 

)289] Although an electrode 16 may be put in block with a vertical bias layer and lift-off formation may be carried 
ut, an electrode spacing and the interval of a vertical bias layer are mostly in agreement in this case. Or it is good also 
$ the so-called lead exaggerated RAID structure which separated electrode formation with vertical bias layer 
)rmation, and narrowed and formed the electrode spacing from the interval of a vertical bias layer. When it was lead 
icaggerated RAID structure and a hard magnetic layer is used especially for a vertical bias layer, the influence of the 
isclosure magnetic field from a hard magnetic layer can be shut up near [ where the laminating of the spin bulb film is 
uried out to the electrode ] the width-of-recording-track edge section, and there is a merit which can be specified to 
le sensitivity profile sharp of the direction of the width of recording track of the regenerative-track width of face 
)ecified by inter-electrode with high degree of accuracy. In high-density record to which especially regenerative-track 
idth of face serves as submicron one, the merit becomes clearer compared with the conventional method. Naturally 
lis lead exaggerated RAID structure is applicable also to the operation form of drawing 21 or drawing 27 . 
)290] (Form 5 of operation) Drawing 30 is the operation form of fiirther others of this invention. Like the form 2 of 
peration shown in drawing 21 , a lower shield and a lower cap (not shown) are formed on a substrate (not shown), the 
)in bulb film 13 is fiarther formed on it, and although not fiirther illustrated on it, an upper cap, an upper shield, and 
le Records Department are formed. The vertical bias layer 15 and electrode 16 of a couple are formed in the width-of- 
!Cording-track ends of the spin bulb film 13. The case where the layered product which consists of the ground layer 
53, a ferromagnetic 151, and an antiferromagnetism film 152 was used for a vertical bias layer as an example was 
lown. Naturally hard magnetic films, such as CoPt, can be used for a vertical bias layer. 
)291] An electrode 16 forms low resistance metals, such as Ta/Au/Ta, using the material included at least, an 
ectrode spacing LD is formed more narrowly than the vertical bias interlayer spacing HMD, and the spin'bulb film 13 
id an electrode 16 have the field which carries out field contact near the width-of-recording-track ends. Although a 
srtical bias layer and an electrode are usually formed of a lift off, you may form them by the ion milling method, the 
jactive-ion-etching method, etc. Although a process process becomes complicated, a drive process is especially 
li table for highly precise electrode formation. 

)292] In spin bulb film 13 field of electrode 16 directly under in which the vertical bias layer 15 does not exist The 
jsistance of an electrode compares with the resistance of a spin bulb film, when small enough, to the case of 1/10 or 
iss If magnetization of the magnetization free layer 146 of a spin bulb film is mostly specified in the direction of the 
idth of recording track when a medium magnetic field is zero mostly, since reproduction sensitivity will ftirthermore 
3 reduced sharply in parts other than inter-electrode [, such as directly under / of a spin bulb film / electrode /, ] An 
ectrode spacing LD can prescribe regenerative-track width of face, and the steep reproduction sensitivity distribution 
I a width-of-recording-track edge can be realized. 

)293] Since a field surface of action can fiirthermore take the spin bulb film 13 and the sufficiently large electrode 16 
Dmpared with the usual ABATTO junction method, the contact resistance of an electrode and a spin bulb can control 
nail enough, as a result, the spin bulb element of low resistance can be realized, and, moreover, a magnetoresistance- 
.Tect head strong against ESD can be realized in a low noise. 

)294] In order to raise recording density here from now on and to narrow regenerative-track width of face, it is 
scessaiy to narrow an electrode spacing LD. On the other hand, if an electrode spacing becomes remarkably narrow, 
will become difficult to narrow the width of face of an element, i.e., height, more than it. Therefore, it is desirable to 
lake HD larger than LD when manufacturing a head with the sufficient yield. Specifically, in order to keep good the 
ield at the time of head mass production, about the height which determines a size with machining, about 0.5 
aerometers and more than it are required, and when regenerative-track width of face narrows in 0.5 micrometers or 
:ss, it is desirable to set up HD more greatly than LD. However, the following problems occur in that case. 
)295] The 1st problem is that a reproduction output decreases, in order that resistance of the reproduced spin bulb film 
eld may decrease. It was avoided by raising field resistance of a spin bulb film to this problem Although it was 
ifficult to obtain high field resistance since fixing thickness was conventionally thicker than the magnetization fixing 
yer of a monolayer, as shown in Table 14 and 15, by this invention, it is compatible in high field resistance of 
5ohms or more, and 8% or more of high resistance change with the usual SyAF fixing layer by suppressing the sum 
>tal of the thickness of the thickness of a magnetization fixing laya-, a nonmagnetic interlays, and a magnetization 
ee layer to 14nm thick less or equal. 
)296] 
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1298] In order to realize high resistance rate of change using such an ultra-thin spin bulb film 1) CoFe with a stable 
:c phase, CoNi, and a CoFeNi alloy are used for the ferromagnetic layer A of a magnetization fixing layer, and the 
irromagnetic layer B, 2) Co, CoFe, CoNi, and a CoFeNi alloy are used also for a magnetization free layer at least near 
te interface with a middle non-magnetic layer, 3) It is desirable to use the antiferromagnetism layer containing noble- 
letals elements, such as PtMn, FtPdMn, IrMn, RhMn, and RhRuMn, for an antiferromagnetism film. 
)299] The 2nd problem in the case of setting up HD more greatly than LD is generating of a Barkhausen noise. With 
le spin bulb element of the ABATTO junction method the conventional electrode spacing and whose interval HMD of 
vertical bias film correspond mostly, HMD becomes smaller than HD, the direction of HD becomes a long rectangle 
Dnfiguration, magnetization of a magnetization free layer becomes easy to turn to the configuration of a magnetization 
ee layer in the height direction where an anti-magnetic field is weak, and, as a result, a Barkhausen noise generates it. 
►n the other hand, in this invention, the configuration of a spin bulb film does not say that it becomes easy to turn to 
lagnetization of a magnetization free layer in the height direction since HMD is more greatly [ than HD ] long in the 
irection of the width of recording track, and for this reason, removal of a Barkhausen noise is easy and can improve 
head manufacture ] the yield about this point. 

)300] As an example, it is lHD=0.5micrometer, LD=0.45micrometer, HMD=L3micrometer, 2HD=0.4micrometer, 
D=0.35micrometer, HMD=0.8micrometer, etc., and is a book. 

)301] In addition, although the case where the magnetization fixing layer had been arranged between a magnetization 
ee layer and a substrate was shown in .draMng.29 , it is applicable similarly about the case where a magnetization 
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36 layer exists between a substrate and a magnetization fixing layer. 

302] (Form 6 of operation) The form of the operation of further others of this invention is shown in drawing 31 . The 
bstrate which is not illustrated, a lower shield, and a lower gap are formed, and the vertical bias layer 15 of a couple 
formed on it of dry processes, such as the lift-off method, ion milling, and reactive ion etching. Although the case 
here it consisted that the form 2 of operation showed drawing 29 as an example of a vertical bias layer of a layered 
oduct of the ferromagnetics 151, such as the antiferromagnetism films 152, such as the ground layer 153 and IrMn 
li table for the same antiferromagnetism layer, RhMn, and CrMn, CoFe, NiFe, and Co, was shown, each of other 
Ttical bias layer shown wdth the form 2 of operation is applicable. 

303] Besides, the spin bulb film 13 is formed. In order to give the bias magnetic field fi-om a vertical bias layer 
fectively to the magnetization fi-ee layer 143, as for the spin bulb film 13, it is more more desirable than a 
agnetization fixing layer that the vertical bias layer 15 and the magnetization free layer 143 make it easy to arrange 
e magnetization free layer 143 and to approach a substrate side. In order to give the bias magnetic field from a 
Jrtical bias layer effectively to a magnetization free layer, as for the thickness of the ground layers 141 and 142 of the 
agnetization free layer 143, it is desirable that it is lOnm. Moreover, the field surface of action of the spin bulb film 
J and the vertical bias 15 is desirable when making it small as much as possible suppresses a Barkhausen noise. 
•304] On the spin bulb 13, the electrode 16 of a couple is formed by the lift-off method, the ion milling method, and 
e reactive-ion-etching method. Although not illustrated, an upper gap, an upper shield, and the Records Department 
e further formed on it. 

605] Moreover, with the form 5 of operation having shown, similarly, by making it smaller than HMD more greatly 
an LD, HD does not have the reproducing head suitable for the ** width of recording track, and can be manufactxired 
ith the sufficient yield. Moreover, by setting simi total thickness of a magnetization fixing layer, a nonmagnetic 
terlayer, and a magnetization free layer to 14nm or less, the resistance of the spin bulb film 13 can be raised, a 
production output can be heightened, and a high sensitivity magnetoresistance-effect head can be obtained. 
1306] **** 6. 

'orm : the thermal resistance and the mirror plane of the 7th operation) 

1307] First, before introducing the example of this operation form, the technical problem recognized in process in 
hich this invention person results in this operation form is explained. 

1308] The technical problem which this invention person has recognized can be divided roughly into below in putting 
highly efficient spin bulb film (it being hereafter described as SV film) in practical use. 
1309] (1) Thermal resistance is bad (receiving especially initial process annealing). 

>310] (2) When aiming at much more improvement in reproduction sensitivity, MR rate of change runs short. 
)3 1 1] (3) When a magnetosensitive layer is constituted from a CoFe alloy-layer monolayer from which comparatively 
g MR rate of change is obtained, magnetostriction control caimot be performed, and good soft magnetic 
laracteristics are not obtained. 

)312] The technical problem of these SV films is explained in fiiU detail below. 

)313] (1) As general composition of the magnetosensitive layer of heat-resistant SV film, NiFe (several nm)/Co 
ibout Inm) and NiFe(several nm)/CoFe (about Inm) are known. As SV membrane structure (a) using such a 
lagnetosensitive layer Ta(5nm)/NiFe(10nm)/Co(lnm)/Cu(3nm)/CoFe(2nm)/IrMn (7nm) / Ta (5nm) 
)) Ta(5nm)/Cu(2nm)/CoFe(3nm)/(:Xi(3nm)/CoFe(2nm)/IrMn(7nm)/Ta(5 
*** is mentioned. 

)3 14] By SV film which was described above, thing MR degradation will arise about 20% or more to MR value at the 
me of as-depo at a relative ratio by about [ 250 degree-Cx4H ] process annealing. For example, by SV film of (a), 
.4% of MR rate of change at the time of as-depo will deteriorate 20% or more by the relative ratio to the time of 4.7% 
id as-depo after annealing which is 250 degree-Cx3H. This annealing process is a process it is [ a process ] 
dispensable on head production. After annealing of 250 degree-Cx3H, about 20% of degradation produces MR rate 
f change at the time of as-depo as compared with 6.5% and the time of as-depo to SV film of (b) which does not use 
* and NiFe as a magnetosensitive layer being 8.1%. For the moment, the technique improved without sacrificing 
lagnetic properties for degradation of such MR rate of change, i.e., a heat-resistant remedy, is not found out. 
)315] Although a SV film which has higher MR rate of change is desired in the magnetic head towards densification, 
IR rate of change obtained at the time of as-depo is remarkably reduced in a thermal process with the indispensable 
reduction process top of a head by S V film obtained by present as mentioned above. This is the problem which must 
arely be solved when developing the MR head which was with 10 or more Gdpsis and was made to correspond to 
jcording density [ like ]. 

)316] (2) In order to attain the improvement quantity MR rate of change of MR rate of change by use of a reflection 
ffect With how MR rate of change obtained at the time of as-depo shown by (1) is maintained after a thermal process 
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is also important how the absolute value of MR rate of change is raised or how even if MR rate of change of full 
)tential is not obtained in the time of as-depo, a film with which MR rate of change good after a thermal process is 
)tained is realized. 

'3 17] the range with the GMR effect shorter than an electronic mean free path - if - since the number of times which 
ceives spin dependence dispersion increases so that there are many number of layerses of the cascade screen of a 
agnatic layer/non-magnetic layer, MR rate of change becomes large However, like SV membrane structure, since 
ere are only units, such as a magnetization fixing layer / nonmagnetic interlayer / magnetosensitive layer, in the 
ructure of the GMR film actually used with a head, generally it is short thickness from the mean fi-ee path, and is 
sing in MR rate of change. 

►318] In order to improve this, as structure which increased the number of layers, a magnetization fixing layer is made 
jrtical two-layer, and the dual spin bulb film (or SHIMETORI-spin bulb film (it is hereafter described as a D-SV 
Im)) which has arranged the magnetosensitive layer in the meantime is known. Although this is also one cure, by the 
ne it solves all practical problems, it will not have resulted at a present stage. For example, it is with the D-SV film 
om which the ground for a magnetosensitive layer serves as a nonmagnetic interlayer, the soft magnetic 
laracteristics Hk, for example, the anti-magnetic field, of a magnetosensitive layer. It is difficult to satisfy all the 
agnetostrictions lambda etc. Furthermore, although the one where the blocking temperature of the two-layer 
itiferromagnetism film which fixes magnetization two-layer [ these ] is more nearly equal is desirable when the 
lagnetization fixing layer of two upper and lower sides is used, it is difficult to make equal the property of the 
Itiferromagnetism film located in the bottom in fact, and the antiferromagnetism film located in an upper layer side 
trough a nonmagnetic interlayer or a magnetosensitive layer. Therefore, although the D-SV film fi-om the point of MR 
tte of change is desirable composition, many technical problems are included from a viewpoint of practicality. 
)3 19] Then, it is a mirror plane as one means by which the antiferromagnetism film put in practical use now raises the 
roperty of SV film of the general structure of one layer. This arranges a reflective film on one side or the vertical both 
des of a basic unit of a magnetic layer / nonmagnetic interlayer / magnetic layer, reflects an electron elastically, and 
ngthens the mean free path within the basic unit of a GMR fihn. [ of a GMR film ] 

)320] Conventionally, since only the distance of the mean free path which it should originally have since inelasticity- 
ispersion was received was not able to move an electron and spin dependence dispersion more than the thickness of 
le basic unit of a GMR film was not able to be received, it was losing on the vertical layer of the basic unit of a GMR 
Im in MR rate of change. If it uses the reflective film of vertical both ideal layers, seemingly, a GMR basic unit 
scomes an infinite artificial grid and infinite equivalence, and since only the part of the mean free path which 
riginally moves can receive spin dependence dispersion now, MR rate of change will improve. Thus, the reflective 
Im on the outside of the magnetic layer located in a nonmagnetic interlayer's upper and lower sides itself 
emonstrates an effect enough by the reflection which is not dependent on spin even if it is not a reflective film 
epending on spin. 

)321] The above-mentioned effect demonstrates an effect also not only in general SV membrane structure but in a D- 
V film. However, there are many number of layerses from the first, and there is no effect of a reflective film in the 
rtificial grid of the infinite number of layers which has received spin dependence dispersion by the original mean fi-ee 
ath. Thus, SV membrane structure with few number of layerses from the first has a larger effect. 
)322] A mirror plane which was conventionally mentioned above 

)323] (c) Si substrate / NiO(50nm)/Co(2.5nm)/Cu(l .8nm)/Co(4nm)/Cu(l .8nm)/Co(2.5nm)/NiO (50nm) 
1) Si substrate / NiO(50nm)/Co(2.5nm)/Cu(2nm)/Co(3nm)/Au (0.4nm) 

fief J.R.Jody et.al., IEEE Mag.33 No.5.3580 (1997)) (e) MgO substrate /Pt(10nm)/Cu(5nm)/NiFe(5nm)/Cu 
2.8nm)/Co(5nm)/Cu (1 .2nm) / Ag (3nm) 

fapan Institute of Metals 1997 spring convention [ besides Ref river part Yasuhiro ] lecture outline pi 42) 
f) Si substrate / Si 3N4 / (200nm) Bi2 03 / (20nm) Au(4nm)/NiFe(4nm)/Cu(3.5nm)/CoFe (4nm) 
Ref D.Wang et al.,IEEE Mag 32 No.5.4278(1996)) 

1 addition, the portion which attached the underline among SV membrane structures mentioned above is a portion 
onsidered to be a specular reflection film. 

3324] By SV film of the above (c), the specular reflection film with which vertical both layers consist of an oxide is 
sed. The way which used the insulating oxide with a potential barrier higher than a metal in order to cause reflection 
f an electronic wave, even if it thinks simply is a mirror plane. Furthermore, since a NiO film is also an 
ntiferromagnetism film while it is an oxide reflective film, it has also played the role which fixes magnetization of the 
lagnetic layer which is in contact with NiO. Although the above-mentioned composition is a D-SV film, 
ntiferromagnetism films, such as a normal SV fihn and a reversal SV film, are considered that the specular reflection 
f one side is acquired even for the structure of one layer. However, there are some faults by such film and it is not 
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actical at a present stage. 

325] First, the switched connection force is weak and practicality of NiO is low. In a weak coupling magnetic field, 
e magnetization direction of a magnetization fixing layer becomes unstable by the disclosure magnetic field fi*om a 
cord mediimi, and there is a possibility of changing an output, furthermore, in using an oxide layer for the upper 
yer, make it NiO ~ moreover, carry out using another oxide as a cap layer — contact resistance with a lead electrode 
ill become large Since it becomes easy to cause ESD (electro static discharge : electrostatic discharge), increase of 
intact resistance is not desirable. Furthermore, when CoFe is used for a magnetosensitive layer, if fee (1 1 1) 
ientation of the CoFe is not carried out, it turns out that a good soft magnetism is unrealizable. When a 
agnetosensitive layer is located in a lower layer, since the buffer layer of fee (1 11) orientation will be lost for CoFe, 
nng compatible [ with soft magnetic characteristics ] of using an oxide layer as a ground of a magnetosensitive layer 
jcomes difficult. 

•326] Moreover, by SV film of (d), the antiferromagnetism [ a reflective film-cum-] film of NiO is used for a ground 
yer, and Au layer on the fi-ont face of a film serves as a reflective film fiirther. Moreover, similarly, SV film of (e) is 
so a reflective film, uses the potential difference on Ag film and the fi*ont face of a film, and Ag film on the fi-ont face 
fa film is a mirror plane. Although the reason the effect was acquired by noble-metals film like Au or Ag as a 
flective film on the fi'ont face of a film is not clear, since the surface diffiision on the fi*ont face of a film tends to 
ippen [ noble metals ] to the reference of (d) fi-om transition metals as one reason, flat nature becomes high and it is 
dicated by the noble-metals film fi-ont face that it is for being easy to pull out a reflection effect. 
1327] It is advantageous at the point which can do small contact resistance with the lead electrode which was a trouble 
the time of an oxide reflective film by the reflective film which used for the film fi*ont face a metal membrane which 
as described above. However, the mirror plane on the fi*ont face of a film of a noble-metals film like Au or Ag That 
, it is rare that the fi-ont face of SV film is exposed as it is in actual MR element and an actual MR head, and, usually 
e laminating of a certain film is carried out on SV film. 

>328] For example, in a shielded type MR head, the laminating of the up magnetic-gap film which consists of an 
umina etc. is carried out on SV film. It is a mirror plane as indicated by the reference of (d). If the laminating of 
lother film is carried out on the film with which it used the reflection effect on the front face of a film from the first, 
iturally a reflection effect will change. Thus, the membrane structure to which MR property is changed with the film 
/ which a laminating is carried out on SV film has a problem in respect of practical use. 

)329] If the laminating of the Ta film usually well used for Au film front face of SV film of (d) as a protective coat is 
:tually carried out, it is reported that a reflection effect is lost. Thus, the mirror plane on the front face of a film 
)330] Although SV film of (f) uses Au film as a specular reflection film like (d), this is a mirror plane in not the 
jflection effect on the front face of a film but the film interface of metal membranes. The interface with NiFe by 
hich elaborates a ground by S V film of (f), and makes Au film front face a flat as much as possible, and a laminating 
carried out on it here in order that it may be known that it will be easy to carry out island growth and it may suppress 
lis, if Au film forms membranes directly on a substrate without a suitable ground layer is made sharp. 
)331] However, the ground layer of (f) cannot be called practical technique. That is, it is Bi 203 about Au film. It 
ses that a good reflection effect can be pulled out if membranes are formed on a film and annealing is performed at 
50 degrees C. the Bi2 03 film with a thickness of 20nm is used as a ground (Ref C.R.Tellier and A.J.Tosser.Size 
Uects in Thin Films, Chapter I.Elsevier, and 1982 — ) L. I.Maissel et al., Handbook of Thin Film 
echnology.McGRAW-Hill Publishing Company, 1983. 

)332] Furthermore, Si 203 It is Si 3N4 with a thickness of 200nm as a membranous ground. The film is used. That is, 
le ground film with a total thickness of no less than 220nm was used upwards as a ground of Au film, and it has 
assed through the annealing process in the elevated temperature of 350 degrees C. If the thickness of 220nm will 
onsider a bird clapper to a narrow gap increasingly in cormection with densification from now on, not only becoming 
being remarkable and disadvantageous but practicality is very low. Furthermore, heat treatment in tiie elevated 
jmperature of 350 degrees C will cause interface diffusion by the magnetic layer / nonmagnetic interlay er interface 
/hich causes basic spin dependence dispersion for a OMR film, and MR rate of change will deteriorate remarkably. 
Tiis temperature is temperature from which interface diffusion also produces SV film using the Co(CoFe)/Cu/Co 
CoFe) cascade screen which was [ even if] excellent in thermal resistance. 

3333] (3) When using the magnetostriction control CoFe layer of CoFe as a magnetosensitive layer, fee (111) 
rientation of the CoFe layer is carried out by applying the ground layer which carried out fee (1 1 1) orientation, and it 
5 found out that it is possible to raise soft magnetic characteristics by this. Here, Cu layer and Au layer are used as a 
Toimd layer which carried out fee (111) orientation. However, about the magnetostriction which is another important 
lement of soft magnetic characteristics, it was not controlled at all, and thermal resistance also found out that it was 
ireatly dependent on a groxmd layer this time. For example, a membrane structure as shown below as a SV film based 
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1 the above-mentioned official report is mentioned. 

)334] (g) Ta(5nm)/Cu(2nm)/CoFe(3nm)/Cu(3nm)/CoFe(2nm)/IrMn(7nm)/Ta(5nm) 
i) Ta(5nm)/Au(2nm)/CoFe(3nm)/Cu(3nm)/CoFe(2mn)/IrMn(7nm)/Ta(5n^^ 

y the above-mentioned film of (g), fee (11 1) orientation of the Cu film is carried out. Although fee (1 1 1) orientation 
so of the CoFe layer on this fec(l 1 1) Cu film is carried out and a soft magnetism can be realized (i) It cannot be said 
lat that the absolute value of lambda is large etc. has not necessarily satisfied practicality fully with the (ii) 
lagnetostriction -14x10-7. [ with bad (after as-depo:8.1% -> 250 degree-Cx4H : 6.5% (MR rate of change deteriorates 
3% in a relative ratio)) thermal resistance ] Although there is no clear indicator of Magnetostriction lambda, as one 
iteria, -10x10-7 to +10x10 to about seven can say that it is desirable. 

)335] Furthermore, when it replaces with Cu as a fee material and Au is used (film of (h)) (i) It cannot be said that 
racticality is not necessarily satisfied fully like the case where Cu film - an absolute value is large — is used with the 
i) magnetostriction lambda+33xlO-7. [ with bad (after as-depo:8.4% -> 250 degree-Cx4H : 6.5% (MR rate of change 
steriorates 23% in a relative ratio)) thermal resistance ] 

)336] The theta-2theta scan measured and estimated the XRD pattern of the spin bulb film of the above (g) and (h). 
ince it was almost same d spacing value by three layer of CoFe/Cu/CoFe and had become one peak, the peak value 
as taken. At this time, d-(l 1 1) spacing value of the fee orientation of three layer of CoFe/Cu/CoFe on Cu was 
.054nm, and d-(l 1 1) spacing value of the fee orientation of three layer of CoFe/Cu/CoFe on Au was 2.086nm. Since 
le suitable small magnetostriction value was taken when making it the mean value of d-(l 1 1) spacing value on these 
Cu ] and Au so that it might mention later, it turns out that too small d-(l 1 1) spacing value on Cu and too large d- 
.11) spacing value on Au are not desirable. 

)337] Thus, when using the magnetosensitive layer which consists of a CoFe layer, even if it formed membranes on 
le ground layer which only carried out fee (1 1 1) orientation, the point of a magnetostriction showed that it was 
ladequate. In addition, CoFe is formed on niekel80Fe20 which is near the zero magnetostriction and carried out fee 
ill) orientation as one of the technique to which a magnetostriction is satisfied, and although the structure (the above- 
lentioned composition of (a)) which makes a magnetostriction zero as the whole magnetosensitive layer by about 0 
liFe in magnetostriction is mentioned, this composition has the problem [ mentioned / above ] that thermal-process 
egradation of MR property is large. 

)338] As mentioned above, the conventional spin bulb film is wanted to raise the thermal resistance of a spin bulb 
Im, since decline in MR rate of change by the thermal process is large. 

)339] Moreover, it is a mirror plane as an improvement measure of MR rate of change of a spin bulb film. In order for 
le reflective films in the conventional spin bulb film to be insulators, such as an oxide, and to use the reflection effect 
n the fi-ont face of a film, For example, it is a mirror plane, when increase of contact resistance with a lead electrode 
auses ESD or a protective coat etc. is formed on a spin bulb film. Furthermore, although using a reflection effect by 
le interface was also examined, as for practicality, it was very low that there was the need of preparing a ground layer 
reat for the reason etc. It is a mirror plane, after taJcmg into consideration the practicality as an element or the 
lagnetic head, since it was such. 

)340] Furthermore, controlling small the magnetostriction of Co system magnetic layer which consists of a CoFe 
Hoy etc., when raising the soft magnetic characteristics of a spin bulb film is called for. 
)341] Especially, it is a mirror plane. 

)342] The magnetoresistanee-effect element which has the spin bulb film which was invented in order that this 
peration form might cope with such a technical problem, and suppressed the fall of MR property by the thermal 
rocess, Moreover, it aims at offering the magnetoresistance-effect element which has the spin bulb film which raised 
IR rate of change according to the specular reflection effect after taking practicality into consideration, the spin bulb 
Im which realized the low magnetostriction, and the spin bulb film which suppressed these thermal-process 
egradation fiirther. Furthermore, it aims at offering the magnetic head and the magnetic recording medium which 
iised record reproducing characteristics and practicality by using such a magnetoresistance-effect element. 
3343] The gestalt of the operation for solving hereafter the technical problem mentioned above is explained with 
sference to a drawing. 

3344] Djrawing 32 is the cross section showing the important section structure of 1 operation gestalt of the 
lagnetoresistance-effect element (MR element) of this invention. In this drawing, 1 is the 1 st magnetic layer and 2 is 
le 2nd magnetic layer. The laminating of these [ 1st ] and the 2nd magnetic layer 1 and 2 is carried out through the 
onmagnetic interlayer 3. Antiferromagnetism combination is not carried out between the 1st and the 2nd magnetic 
lyer 1, and 2, but it constitutes the magnetic uncombined type multilayer. 

3345] The 1st and 2nd magnetic layers 1 and 2 are constituted by the ferromagnetic containing Co like for example, 
'o simple substance or Co alloy. Magnetic layers 1 and 2 may consist of NiFe alloys etc. It is desirable to use Co alloy 
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th which especially a bulk effect and the interface effect can both be enlarged, and big MR variation is obtained 
long these. 

346] The alloy which added one sort or two sorts or more of elements chosen as Co from Fe, nickel, Au, Ag, Cu, Pd, 
, Ir, Rh, Ru, Os, Hf, etc. as a Co alloy which constitutes magnetic layers 1 and 2 is used. As for the amount of 
toying elements, it is desirable to consider as five to 50 atom %, and it is desirable to consider as the range of further 
- 20 atom %. This is because there is a possibility that the interface effect may decrease when a bulk effect will not 
lly increase if there are too few amounts of alloying elements, but there are too many amounts of alloying elements 
•nversely. When obtaining big MR variation, as for an alloying element, it is desirable to use especially Fe. 
347] The 1st lower magnetic layer 1 is formed among the 1 st and 2nd magnetic layers 1 and 2 on the improvement 
yer 4 in the magnetoresistance effect (improvement layer in MR). The improvement layer 4 in MR is formed on the 
»n-magnetic layer (it is hereafter describ^ as a nonmagnetic ground layer) 5 which has a ground function. This 
>nmagnetic ground layer 5 is a layer containing at least one sort of elements chosen from Ta, Ti, Zr, W, Cr, Nb, Mo, 
f, and aluminum, and consists of compounds, such as these simple substance metals and alloys or an oxide, and a 
tride. When oxides, such as Ta, are used for the nonmagnetic ground layer 5, the electron which was not able to be 
fleeted in the improvement layer 4 in MR can be reflected by nonmagnetic ground layer 5 / improvement layer in 
R 4 interface so that it may explain in full detail behind. 

348] The 1st magnetic layer 1 is a magnetosensitive layer from which the magnetization direction changes with 
:temal magnetic fields. On the other hand, on the 2nd magnetic layer 2, the antiferromagnetism layer 6 which consists 
• IrMn, NiMn, PtMn, FeMn, RuRhMn, PdPtMn, MiO, etc. is formed. The bias magnetic field was given to the 2nd 
agnetic layer 2 from the antiferromagnetism layer 6, and the magnetization has fixed. That is, the 2nd magnetic layer 
is a magnetization fixing layer. 

•349] Although not illustrated in drawing 32 , besides the method of touching an antiferromagnetism film directly as 
entioned above as the fixing method of the 2nd magnetic layer, making carry out, and fixing the magnetization 
rection You may use the so-called synthetic anti ferro structure of carrying out the laminating of the 3rd magnetic 
yer through layers, such as Ru and Cr, on the 2nd magnetic layer, carrying out antiferromagnetism combination of 
e 2nd magnetic layer and 3rd magnetic layer in RKKY, and carrying out antiferromagnetism combination of the 3rd 
agnetic layer. By using synthetic anti ferro structure, a bias point also becomes stable and the stability under the 
evated temperature of a pin property also increases. Specifically, CoFe/Ru/CoFe, Co/Rxi/Co, CoFe/Cr/CoFe, 
o/Cr/Co, etc. are mentioned as composition from the 2nd magnetic layer to the 3rd magnetic layer. The 
itiferromagnetism film at this time is the same as that of a group of an above-mentioned antiferromagnetism film. 
650] The alloy which makes a principal component Cu, Au, Ag and these alloys or the paramagnetic alloy containing 
lese and a magnetic element, Pd and Pt, and these as a component of the 1st and 2nd magnetic layers 1 and the non- 
lagnetic layer 3 arranged among two is illustrated. 

)351] The protective layer 7 is formed on the antiferromagnetism layer 6, and this protective layer 7 is constituted by 
le same metal or same alloy as the nonmagnetic ground layer 5. The spin bulb film 8 of this operation form is 
instituted by these each class. The electrode (not shown) of the couple which supplies sense current is connected to 
le spin bulb film 8, and a spin bulb OMR element is constituted by these. The spin bulb OMR element may have the 
ias magnetic field impression film which consists of a hard magnetic film which impresses a bias magnetic field to the 
lagnetosensitive layer 1 , or an antiferromagnetism film. In this case, as for a bias magnetic field, it is desirable to 
npress in the direction which carries out an abbreviation rectangular cross to the magnetization direction of the 
lagnetization fixing layer 2. In addition, nine in drawing is a substrate. 

)352] The improvement layer 4 in MR which the improvement layer 4 in MR is the characteristic portion of this 
ivention, and is shown in drawing 32 is constituted by the cascade screen of 1st metal membrane 4a and 2nd metal 
lembrane 4b among each class which constitutes the spin bulb film 8 mentioned above. The metal membrane 
Dntaining at least one sort of elements chosen from Cu, Au, Ag, Pt, Rh, aluminum, Ti, Zr, Hf, Pd, and Ir is applicable 
) the metal membranes 4a and 4b which function as a ground of the spin bulb film 8. 
)353] The element which mainly constitutes 1st metal membrane 4a which touches the 1st magnetic layer 
nagnetosensitive layer) 1 among the metal membranes of these plurality has a relation of the element which mainly 
constitutes the magnetosensitive layer 1, and not dissolving. It may be desirable to have a relation of the element with 
^hich the element which mainly constitutes it mainly constitutes tiie magnetosensitive layer 1 also about the 2nd metal 
lembrane 4b, and not dissolving, and each element which mainly constitutes especially these [ 1st ] and the 2nd metal 
lembrane 4a and 4b may have the relation of dissolution mutually. Furthermore, it is desirable to arrange 1 st metal 
lembrane 4a to which an electron wavelength becomes the side which touches the magnetosensitive layer 1 from a 
hort metal, and to arrange 2nd metal membrane 4b with a long (1st metal membrane la) electron wavelength on the 
utside. 
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354] Here, the relation of not dissolving in this invention is stated. In this invention, the state of having a non- 
ssolving relation the element A, and two kinds of elements of the element B In the phase diagrams (for example, 
inary Alloy Phase Diagram, 2nd Edition, ASM Intemational.1990, etc.) of two elements in the low-temperature 
gion about a room temperature The combination of the element both the amount of atomic %s in which B can 
ssolve when A is used as a base material, and whose amount of atomic %s in which A can dissolve when it considers 
B base material are 10% or less shall be shown. 

•355] As an example, the time of a magnetic layer (for example, magnetosensitive layer 1) being Co or Co alloy and 
e case where a magnetic layer is nickel alloy are explained. Since it is desirable for ground films to be a fee metal 
id a hep metal in order to make a magnetic layer into fee orientation, as a concrete composition element of the 
iprovement layer in MR which touches a magnetic layer, aluminum, Ti, Cu, Zr, Ru, Rh, Pd, Ag, Hf, Ir, Pt, Au, etc. 
e mentioned. The element with which it is satisfied of the above-mentioned conditions of Co and un-dissolving, 
nong these elements tums into three elements of Cu, Ag, and Au. Moreover, nickel and the element with which are 
.tisfied of the above-mentioned conditions of un-dissolving tum into three elements of Ru, Ag, and Au. However, 
though Cu had the relation of dissolution when only the phase diagram was referred to when nickel alloy was used as 
magnetic layer, when it used as an improvement layer in MR as a result of this invention person's experiment, it 
jcame clear that it can say xm-dissolving. That is, nickel alloy and Cu are judged un-dissolving based on the following 
tperimental results. 

1356] Although the improvement layer in MR acts as a nonmagnetic quantity conductive layer in the 1st operation 
>rm mentioned above when ******** and a fi*ee layer are thin, if atomic diffusion arises in the interface of a 
)nmagnetic quantity conductive layer and a fi-ee layer and it becomes a diffiisive interface, the permeability of the 
ectron which goes to a nonmagnetic quantity conductive layer from a free layer will be reduced. That is, in order that 
e magnetization direction of a pin layer and a free layer may receive inelastic scattering in a diffiisive interface also 
. the parallel state mutually, the mean free path of rise spin does not become long. That is, decline in MR rate of 
lange will be caused, an ultra-thin free layer and the nonmagnetic quantity conductive layer of this phenomenon are 
ssolution — by the way, it is generated, and it will become more remarkable if heat treatment of a process etc. is 
srformed That is, MR rate of change falls with heat treatment. When the experiment which attached Cu to thin nickel 
loy layer when the method of checking such a phenomenon was taken was conducted, decline in MR rate of change 
as not seen. 

)357] From the above result, nickel alloy and Cu are judged un-dissolving. Therefore, as nickel alloy and an element 
ith which are satisfied of a non-dissolving relation, by this invention, Cu can be added to the combination of the 
ement obtained from a phase diagram, and it can be defined as Ru, Ag, Au, and Cu. It is a mirror plane, without 
»sing the composition ****** of the interface of a magnetic layer and the improvement layer in MR by heat treatment 
:c. by arranging the element of such not dissolving, in contact with a magnetic layer. 

)358] Here, although premised on carrying out fee orientation of the magnetic layer, you may use these improvement 
yers in MR to the magnetic layer which, of course, has non-orientation and microcrystal structure. Specifically, the 
norphous magnetic layer by which Ti, Zr, Nb, Hf, Mo, Ta, etc. were added, or a magnetic layer with microcrystal 
ructure is mentioned to CoFeB, CoZrNb, and Cr as a magnetic layer. 

)359] Furthermore, in order to make control and the film fine structure of d-spacing into more exact structure to a part 
f improvement layer in MR constituted with the above-mentioned element, another element in making it a cascade 
)reen with another metal membrane and the alloyed layer are improvement layers in MR by this invention. As an 
lement which constitutes this film by which a laminating is carried out, a fee metal and a hep metal are desirable and 
luminum, Ti, Cu, Zr, Ru, Rh, Pd, Ag, Hf, Ir, Pt, Au, etc. are mentioned. 

)360] When applying a cascade screen to the improvement layer in MR, the metal which has the metal membrane of 
le side which is in contact with the magnetic layer, and the relation of dissolution as a desirable example of the metal 
lembrane of the side which is not in contact with a magnetic layer is mentioned. The combination of the element with 
^hich it is a low-temperature region about a room temperature, and both the amovint of atomic %s in which B can 
issolve when A is used as a base material, and the amount of atomic %s in which A can dissolve when it considers as 
; base material exceed 10% like the case of not dissolving [ which was described above as the state of having the 
elation of dissolution of the element A, and two kinds of elements of the element B here ] shall be shown. 
)361] The desirable example at the time of applying a cascade screen to the improvement layer 4 in MR is shown, 
^en a magnetic layer 1 consists of Cu(s) which fill the conditions of it and un-dissolving with Co or Co alloy, as for 
letal membrane 4b, it is desirable to constitute from a metal membrane containing at least one sort chosen from 
luminum, Au, Pt, Rh, Pd, and Ir which fulfill the conditions of the above-mentioned dissolution. [ a / metal membrane 
] When metal membrane 4a is constituted from Ag, as for metal membrane 4b, it is desirable to constitute from a 
letal membrane containing at least one sort chosen from Pt, Pd, and Au. When metal membrane 4a is constituted from 
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a, as for metal membrane 4b, it is desirable to constitute from a metal membrane containing at least one sort chosen 
)m Pt, Pd, Ag, and aluminum. When a magnetic layer 1 consists of Ru which fills the conditions of it and un- 
ssolving with nickel alloy, as for metal membrane 4b, it is desirable to constitute from a metal membrane containing 
least one sort chosen from Rh, Ir, and Pt which fulfill the conditions of the above-mentioned dissolution. [ a / metal 
embrane 4] When using Ag and Au, it is as having described above. 

362] It is desirable for two elements which constitute the improvement layer 4 in MR among combination which was 
entioned above to dissolve mutually 10% or more, for example, Au-Cu, Ag-Pt, Au-Pd, Pt-Cu, Au-Ag, etc. are 
entioned. In addition, it is also possible for the combination of metal membrane 4a and metal membrane 4b not to 
ive to fill the relation of the dissolution described above not necessarily, and to apply the combination of Cu-Ru and 
a-Ag etc. Not only the two-layer cascade screen of 1st metal membrane 4a and 2nd metal membrane 4b but the 
iprovement layer 4 in MR which consists of a cascade screen can be constituted from a cascade screen of three or 
ore layers. 

363] The improvement layer 4 in MR can also constitute the improvement layer 4 in MR from alloy-layer 4c of the 
ement which mainly constitutes the magnetosensitive layer 1, and the element which has a non-dissolving relation, as 
lown not only in the cascade screen of 1st metal membrane 4a and 2nd metal membrane 4b but in drawing 33 . The 
me view as the above-mentioned cascade screen is applicable to alloy-layer 4c in this case. That is, when a magnetic 
yer 1 consists of Co or a Co alloy, alloy-layer 4c contains at least one sort chosen from three elements of Cu, Ag, and 
u as a main composition element. Moreover, when a magnetic layer 1 consists of a nickel alloy, alloy-layer 4c 
)ntains at least one sort chosen from four elements of Ru, Ag, Au, and Cu as a main composition element. 
664] Alloy-layer 4c contains at least one sort of elements in addition to the above-mentioned main composition 
ement. The main composition element and the element of dissolution are used for elements other than this main 
)mposition element so that it may not become 2 phase separation films. For example, when Cu is used for the main 
)mposition element of alloy-layer 4c, the alloy of noble-metals systems, such as Cu-Au, Cu-Pt, Cu-Rh, Cu-Pd, and 
u-Ir, is used. When Ag is used for the main composition element of alloy-layer 4c, the alloy of noble-metals systems, 
ich as Ag-Pt, Ag-Pd, and Ag-Au, is used. When Au is used for the main composition element of alloy-layer 4c, the 
loy of noble-metals systems, such as Au-Pt, Au-Pd, Au-Ag, and Au-aluminum, is used. 
1365] Among alloys which were mentioned above, as for alloy-layer 4c as an improvement layer 4 in MR, it is 
jsirable for two elements to dissolve mutually 10% or more, for example, Au-Cu, Ag-Pt, Au-Pd, Au-Ag, etc. are 
lentioned. Thus, it is also possible to constitute the improvement layer 4 in MR from a cascade screen of metal 
lembrane 4a and alloy-layer 4c, as various forms can be applied to the improvement layer 4 in MR, for example, it is 
lown in drawing 34 . 

)366] When using Co system magnetic material for the magnetosensitive layer 1, as for the improvement layer 4 in 
IR as a ground of the magnetosensitive layer 1, it is desirable to use the metallic material which has the same fee 
ystal structure as Co system magnetic material, and the metallic material of the hep structure to which it is easy to 
irry out fee orientation of the film on it. Cu, Au, Ag, Pt, Rh, Pd, aluminum, Ti, Zr, Hf(s), Ir(s), etc. which were 
lentioned above also from such a point, and those alloys are suitable as a component of the improvement layer 4 in 
IR. Furthermore, by using the improvement layer 4 in MR which consists of Ihe cascade screen or alloy layer of such 
metal, the magnetostriction of the magnetosensitive layer 1 which consists of Co system magnetic materials, such as 
CoFe alloy, can be reduced so that it may explain in full detail behind. 

)367] In order to give the function as a ground layer, as for the thickness of the improvement layer 4 in MR, it is 
esirable to be referred to as 2nm or more. However, if it is made not much thick, in order that MR rate of change may 
ecrease by increase of shunt diverging, it is desirable still more desirable to be referred to as lOnm or less, and the 
lickness of the improvement layer 4 in MR is 5nm or less. 

)368] The work which raises the thermal resistance of the spin bulb film 8 as for the improvement layer 4 in MR 
^hich was mentioned above. It works, when the work as a specular reflection film (interface reflective film) of the spin 
ulb film 8 and a free layer are thin, MR rate of change is maintained to a high value — It works, and has the work 
^hich reduces the magnetostriction of the magnetosensitive layer 1 which consists of a Co system magnetic material 
nd which controls the crystal fine structure of the spin bulb film 8, and the MR property of the spin bulb film 8 is 
iised based on these. Below, work of the improvement layer 4 in MR is explained in fiiU detail. 
3369] First, thermal-process degradation of a spin bulb film is described. The mirror plane of the side which is not in 
ontact with the nonmagnetic interlayer 3 of magnetic layers 1 and 2 as a cause of degradation of MR property by 
rocess annealing The situation is shown in drawing 35 . In addition, it sets to drawmg 35 and is IFS. The interface and 
FM by which spin dependence dispersion is carried out The interface by which not spin dependence dispersion but 
lirror-plane distraction is carried out is shown. Drawing 35 (a) and (b) show the ideal state (it corresponds at the time 
f as-depo), and dramng.35 (c) shows the state after process armealing typically. 
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370] In the three-layer laminated structure of magnetosensitive layer 1 / nonmagnetic interlayer 2 / magnetization 
"cing layer 3 which serves as a basic unit of the spin bulb GMR as shown in drawing 35 (a) and (b) As shown in 
awing 35 (c) (even if the interface is an interface with a metal membrane), what the mirror-plane scattering effect in 
e both sides had produced at the time of as-depo Interface diffusion arises by system which dissolves mutually easily 
/ process annealing, and it becomes a dispersion-interface, and is a mirror plane. 

671] The mirror plane in a metal membrane interface For example, in an as-depo state with comparatively little 
ixing, it is a mirror plane also at a NiFe/CoFe interface. 

672] With the spin bulb film which used concretely the magnetosensitive layer which consists of a NiFe/CoFe 
iscade screen, it is the mirror plane of a NiFe/CoFe interface. It is also considered that change of MR rate of change 
/ change of the specular reflection factor in the NiFe/CoFe interface by annealing took place as this cause. 
>373] 
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ETAILED DESCRIPTION 



)etailed Description of the Invention] 
•001] 

Tie technical field to which invention belongs] this invention relates to the magnetoresistance-efFect element using 
e spin bulb film with which this invention has high sensitivity and high-reliability in a detail, the magnetic head, a 
agnetic-head assembly, and a magnetic recording medium more about a magnetoresistance-effect element, the 
agnetic head, a magnetic-head assembly, and a magnetic recording medium. 
1002] 

)escription of the Prior Art] The expectation for the magnetic head (MR head) using the magnetoresistance effect 
AR) which can take out a big output from small and large capacity-ization of a magnetic-recording medium being 
ivanced in recent years is growing. As a MR film used as the basic component of such an MR head It has the 
agnetic multilayer of the sandwich structure of a magnetic layer / non-magnetic layer / magnetic layer especially, one 
agnetic layer — exchange bias — doing — magnetization — fixing (a "magnetization fixing layer" — ) Flux reversal of 
:e magnetic layer of another side called a "fixing layer" or a "pin layer" is carried out by the external magnetic field 
:alled a "magnetosensitive layer" or a "fi*ee layer"). The spin bulb film in which the huge magnetoresistance effect 
jMR) is shown by relative angle change of the magnetization direction of these two magnetic layers attracts attention. 

)003] As other MR films, an anisotropy magnetoresistance-effect film (AMR film), an artificial grid film, etc. which 
insist of a NiFe alloy etc. are known. MR rate of change of a spin bulb film is 4% or more, although it is small 
)mpared with an artificial grid film, and it is fiiUy large as compared with the AMR film. Furthermore, since a spin 
alb film can saturate magnetization with a low magnetic field, it fits the MR head. It has a practically great hope for 
te MR head using such a spin bulb film. That is, in magnetic recording, such as a magnetic disk, the high sensitivity 
lagnetic head which used the huge magnetoresistance effect (GMR), i.e., a GMR head, is indispensable to advance 
snsification of recording density. 

)004] The spin bulb film which consists of a magnetization free layer (fi-ee layer), a nonmagnetic interlayer, a 
lagnetization fixing layer (pin layer), and an antiferromagnetism layer is used for an early GMR head as a GMR 
lement. however — if tiie thickness of a magnetization fi-ee layer is reduced in order to aim at improvement in 
msitivity indispensable to narrow the width of recording track of record and to perform densification — the disclosure 
lagnetic field from a magnetization fixing layer ~ the shift of the operating point — bringing ~ coming - this shift 
mount — the yield - good - a current magnetic field — an amendment - things become difficult 
)005] The so-called laminating ferry fixing layer ("SyAF", "synthetic AF", or an "antiferromagnetism fixing layer" is 
ailed henceforth) which constituted the magnetization fixing layer from a two-layer ferromagnetic layer which carries 
ut antiferromagnetism combination through a magnetic coupling layer on the other hand is proposed (JP,7- 169026, A), 
ince the operating point is theoretically made to zero by the disclosure magnetic field in this antiferromagnetism 
xing layer, reservation of the operating point is easy. 

)006] Namely, if a ferromagnetic layer A and antiferromagnetism layer side is used as the ferromagnetic layer B, the 
onmagnetic interlayer side of two ferromagnetic layers of this magnetization fixing layer The magnetic thickness, i.e., 
lickness, x saturation magnetization of the ferromagnetic layer A and the ferromagnetic layer B in equal SyAF Since 
le disclosure magnetic field of the ferromagnetic layer A and the ferromagnetic layer B is negated mutually, a 
isclosure magnetic field serves as zero substantially and a magnetization fixing layer stops inducing a magnetic field 
le stability of fixing magnetization is [ to / near / where the exchange bar chair of an antiferromagnetism layer 
isappears / the blocking temperature Tb ] good ~ etc. ~ it has a big merit 
3007] 

Problem(s) to be Solved by the Invention] However, there were various problems in these magnetoresistance-effect 
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ements by which the conventional proposal is made. 

)008] First, in order to raise [ 1st ] sensitivity, when the free layer was thin-film-ized, there was a problem that the 
.as point design at the time of sense current energization became difficult. 

)009] Since magnetization of SyAF becomes unstable in the temperature more than blocking temperature (Tb) the 
id, if static discharge (ESD) current flows into a GMR element, a fixing layer will be momentarily heated by the 
mperature more than Tb, and the problem that fixing of magnetization will be confused arises. It is required to add 
le strong magnetic field (usually several more than kOe) exceeding the antiferromagnetism joint magnetic field 
trough the magnetic coupling layer which raises temperature to more than Tb and moreover constitutes [ 3rd ] SyAF 
I order to fix magnetization. For this reason, when temperature is raised to more than Tb using the high 
itiferromagnetic substance of Tb for fixing of magnetization as an antiferromagnetism layer, there is a problem that 
roduce diffusion and antiferromagnetism combination falls between the ferromagnetic layers which adjoin the 
lagnetic coupling layer of SyAF. 

)010] In order to add the strong magnetic field (JP,9-16920,A 15 kOe(s)) exceeding the antiferromagnetism joint 
lagnetic field which minds a magnetic coupling layer where a temperature rise is carried out to the 4th, a huge 
lagnetization fixing thermal treatment equipment is needed. 

)01 1] Although magnetization fixing will become easy in order to sympathize with an extemal magnetic field if it is 
lade SyAF of unsymmetrical structure which changed the magnetic thickness of 2 ferromagnetism layers combined 
ith the 5th in antiferromagnetism in the pin layer Before and after the heat-resistant requirements for the magnetic 
ead needed in future high-density record, i.e., 200 degrees C, since the thermal resistance which came out on the other 
and and was excellent in symmetrical SyAF will be lost, the problem that filling becomes difficult produces that 
lagnetization fixing is stable. Moreover, since it will be accompanied by generating of a disclosure magnetic field, the 
roblem that the cure of reservation of the operating point is also needed is also produced. 

)012] There is also a trouble of 6th producing diverging of sense current and reducing the resistance rate of change as 
GMR element since a magnetic coupling layer and the ferromagnetic layer B are low resistance even if SyAF is a 
/mmetrical system and it is an unsymmetrical system. 

)013] fiirthermore, six troubles of having enumerated above — (3) which runs short of MR rate of change when (1) 
lermal resistance aims at much more improvement in bad (receiving especially initial process einnealing) (2) 
^production sensitivity — when a magnetosensitive layer was constituted from a CoFe alloy-layer monolayer from 
'hich comparatively big MR rate of change is obtained, magnetostriction control was not completed, but tiiere were 
Iso problems — good soft magnetic characteristics are not obtained ~ [ in addition, ] 

)014] this invention is made based on recognition of the various technical problems mentioned above. That is, the 
esign of the bias point is easy for the purpose, and is to offer the magnetoresistance-eflfect element which has high 
3nsitivity and high-reliability, the magnetic head, a magnetic-head assembly, and a magnetic recording medium. 
)015] 

Vieans for Solving the Problem] In order to attain the above-mentioned purpose, the magnetoresistance-effect element 
f this invention It has a nonmagnetic spacer layer, and the 1st ferromagnetic layer and the 2nd ferromagnetic layer 
^hich were separated by the aforementioned non-magnetic-material spacer layer, the ferromagnetic layer of the above 
St It has the magnetization direction which accomplishes the angle to which it has received in the magnetization 
irection of the ferromagnetic layer of the above 2nd when an impression magnetic field is zero, the ferromagnetic 
lyer of the above 2nd It is a magnetoresistance-effect element containing the ferromagnetic film of the couple 
lutually combined in antiferromagnetism, and the joint film which combines these in antiferromagnetism, separating 
le ferromagnetic film of the aforementioned couple. It is characterized by having the nonmagnetic quantity 
onductive layer which touches the 1 st ferromagnetic layer in respect of the film surface which a means to maintain 
ne magnetization of the ferromagnetic films of the aforementioned couple in the ferromagnetic layer of the above 2nd 
>wards desired, and the ferromagnetic layer of the above 1st and the aforementioned normiagnetic spacer layer touch, 
nd an opposite side. 

3016] A magnetoresistance-effect element with very high sensitivity is realizable with the above-mentioned 
omposition, maintaining the good bias point. 

3017] As a gestalt of desirable implementation of the above-mentioned composition, the aforementioned noiunagnetic 
uantity conductive layer becomes realizable [ the high MR rate of change by low Hcu realization and the spin-filter 
ffect in an ultra-thin free layer ] by containing the element whose value of the specific resistance in the room 
jmperature of a bulk state is 10 or less microomegacm. 

3018] moreover, it is characterized by the thickness which is the ferromagnetic layer of the above 1st being 0.5nm or 
lore 4.5nm or less as composition suitable for reahzing the effect of MR rate-of-change elevation by the object for 
igh-density record, and the spin-filter effect by the nonmagnetic quantity conductive layer 
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)19] Moreover, wave asymmetry (V1-V2)/(V1+V2) expressed with the absolute value VI of the reproduction output 
a right signal magnetic field and the absolute value V2 of the reproduction output in a negative signal magnetic field 
characterized by setting up the thickness of the aforementioned nonmagnetic quantity conductive layer, and the 
ckness of the ferromagnetic layer of the above 2nd so that it may become 0.1 or less 0.1 or more minus plus. In 
ier to make wave asymmetry 0.1 or less 0.1 or more minus plus, it is not necessary to necessarily adopt SyAF and 
5 pin layer of a monolayer may be used. In this case, it is desirable to use the monolayer pin layer of the magnetic 
ickness of 0.5 or more nmTs at 3.6 or less nmTs. 3. It is difficuU to be satisfied [ with 6 or more nmTs ] of the above- 
sntioned asymmetry, and is because MR rate of change becomes remarkably small in 0.5 or less nmTs. 
020] Moreover, it is t (HCL) (here) about the thickness of the aforementioned nonmagnetic quantity conductive 
/er. It tm(s) (pinl). it converted in Cu layer of lOmicro omegacm of specific resistance ~ the magnetic thickness 
lich converted the thickness of the ferromagnetic film of the aforementioned couple in the ferromagnetic layer of the 
ove 2nd by the saturation magnetization of IT, respectively When referred to as tm (pin2) (tm(pinl) > it is referred 
as tm (pin2)), it is characterized by satisfying 0.5 nm<=tm(pinl)-tm(pin2)+t(HCL) <=4nm and t (HCL)>=0.5nm. As 
ng as it satisfies this relation, you may use tm(pin2) =0, i.e., the pin layer of a monolayer. By satisfying the above- 
entioned relation, wave asymmetry becomes 0.1 or less plus by 0.1 or more minus, and high MR can be realized. 
021] Moreover, the ferromagnetic layer of the above 1st is characterized by the magnetic thickness which is the 
oduct of the thickness and saturation magnetization being less than 5 nmTs. 

022] Moreover, the copper which becomes advantageous [ the aforementioned nonmagnetic quantity conductive 
yer ] to having the conditions of low Hin realization (Cu), Gold (Au), silver (Ag), a ruthenium (Ru), iridium (Ir), It is 
laracterized by being the metal membrane which contains at least a kind of metallic element chosen from the group 
hich consists of a rhenium (Re), a rhodium (Rh), platinum (Pt), palladium (Pd), aluminum (aluminum), an osmium 
)s), and nickel (nickel). 

023] Moreover, the aforementioned nonmagnetic quantity conductive layer is characterized by being formed from 
e cascade screen which carried out the laminating of the film more than two-layer at least for low Hin and sofl- 
agnetism property control. 

'024] When using this cascade screen, it is not necessary to necessarily adopt SyAF and the pin layer of a monolayer 
ay be used. In this case, it is desirable to use the monolayer pin layer of the magnetic thickness of 0.5 or more nmTs 
3.6 or less nmTs. 3. It is difficult to be satisfied [ with 6 or more nmTs ] of the above-mentioned asymmetry, and is 
jcause MR rate of change becomes remarkably small in 0.5 or less nmTs. 

»025] Moreover, the film which touches the ferromagnetic layer of the above 1st among the aforementioned cascade 
:reens is characterized by including copper (Cu) as a material which was excellent especially for high MR rate of 
lange, low Hcu realization, and sofl-magnetism realization. 

>026] Moreover, the film which does not touch the ferromagnetic layer of the above 1 st among the aforementioned 
iscade screens is characterized by including at least a kind of element chosen from the group which consists of a 
ithenium (Ru), a rhenium (Re), a rhodivim (Rh), palladium (Pd), platinum (Pt), iridiimi (Ir), and an osmium (Os) as a 
laterial excellent in low Hin, low Hcu, and especially sofl-magnetism control. 

)027] Moreover, thickness of the aforementioned nonmagnetic quantity conductive layer is characterized by 0.5nm or 
lore being 5nm or less for realization of low Hcu and high MR rate of change. 

)028] Moreover, in order to realize low Hin and high MR rate of change, it is characterized by touching the 
Forementioned nonmagnetic quantity conductive layer in the ferromagnetic layer of the above 1st, and the field of an 
pposite side, and having the layer which contains at least a kind of element chosen from the group which consists of a 
intalum (Ta), titanium (Ti), a zirconium (Zr), a tungsten (W), a hafnium (Hf), and molybdenum (Mo). 
)029] Moreover, the ferromagnetic layer of the above 1 st is characterized by the bird clapper from the cascade screen 
f the alloy layer containing a ferronickel (NiFe), and the layer containing cobalt (Co) hi^ MR rate of change and for 
Dft-magnetism realization. 

3030] Moreover, the ferromagnetic layer of the above 1st is characterized by the bird clapper from the alloy layer 
ontaining cobalt iron (CoFe) high MR rate of change and for sofl-magnetism realization. 
3031] Moreover, it is characterized by using an antiferromagnetic substance layer as a means to maintain the 
srromagnetic layer of the above 2nd towards desired for magnetization fixing of the ferromagnetic layer of the above 
nd. Although it is desirable that it is SyAF as for the 2nd ferromagnetic layer, the ferromagnetic layer of a monolayer 
5 sufficient as it. In the case of a monolayer, it is desirable for the magnetic thickness to be 3.6 or less nmTs in 0.5 or 
lore nmTs. 

0032] Moreover, it is XzMnl-z (X here) as a material of the aforementioned antiferromagnetic substance layer also 
fter process heat treatment because of high MR rate-of-change realization, at least a kind of element chosen from the 
,T0up which consists of iridium (Ir), a ruthenium (Ru), a rhodium (Rh), platinum (Pt), palladium (Pd), and a rhenium 
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le) -- carrying out -- the composition ratio z - more than pentatomic % -- below 40 atom % - it is - it is 
laracterized by using Also in this case, it is not necessary to necessarily adopt SyAF and the pin layer of a monolayer 
lay be used. In this case, it is desirable to use the monolayer pin layer of the magnetic thickness of 0.5 or more nmTs 
3.6 or less nmTs. 3. It is difficult to be satisfied [ with 6 or more nmTs ] of the above-mentioned asymmetry and is 
jcause MR rate of change becomes remarkably small in 0.5 or less nmTs. ' 
»033] Moreover, in order to ** high MR rate of change, it is characterized by using XzMnl-z (X considering as a kind 
: element chosen from the group which consists of platinum (Pt) and palladium (Pd) at least here, and the composition 
tio z being below 65 atom % more than 40 atom %) as a material of the aforementioned antifeiromagnetism layer 
Iso m this case, it is not necessary to necessarily adopt SyAF and the pin layer of a monolayer may be used. In this 
ise, it is desirable to use the monolayer pin layer of the magnetic thickness of 0.5 or more nmTs at 3.6 or less nmTs 
It is difficult to be satisfied [ with 6 or more nmTs ] of the above-mentioned asymmetry, and is because MR rate of 
lange becomes remarkably small in 0.5 or less nmTs. 

•034] moreover, in order to realize realizing high MR rate of change, using more effectively the effect of the high MR 
te of change by the nonmagnetic quantity conductive layer, and low Hcu. the aforementioned non-magnetic-material 
lacer layer consists of a metal layer containing copper (Cu), and the thickness makes it tiie feahire to 1 .5nm or more 
; 2.5nm or less 

'035] Moreover, the ferromagnetic film of the aforementioned couple combined [ aforementioned ] in 
itiferromagnetism for the purpose of realizing high MR and raising an ESD-proof property and the thermal resistance 

a pin fixmg layer Those thickness is equal, the ferromagnetic film which touches the aforementioned nonmagnetic 
•acer side is thicker, and the difference of the magnetic thickness whose ferromagnetic fihn of the aforementioned 
mple is the product of each thickness and satiiration MAG is characterized by 0 or more nmTs being 2 or less nmT 
■036] Moreover, the aforementioned joint film which combines the ferromagnetic film of tiie aforementioned couple 

antiferromagnetic substance consists of a rutiienium (Ru), and the thickness is characterized by 0.8nm or more being 
2nm or less. * 

037] On the other hand, the magnetoresistance-effect head of invention of the 1st of this invention The huge 
agnetoresistance-effect film which has an antiferromagnetism layer for fixing the magnetization of the 
brementioned magnetization fixing layer which has been arranged through a nonmagnetic interlayer, and by which 
e laminating was carried out at least to the magnetization fixing layer and the magnetization free layer of a couple, 
id tiie aforementioned magnetization fixing layer. And it sets on the magnetoresistance-effect head which has the ' 
ecti-ode of tiie couple for supplying current to the aforementioned huge magnetoresistance-effect film. It comes to 
rry out antiferromagnetism combination of the ferromagnetic layer of flie couple which the aforementioned 
agnetization fixing layer becomes from the ferromagnetic layer B arranged at the aforementioned ferromagnetic layer 
vhich has been arranged at flie aforementioned nonmagnetic interiayer side ] A, and antiferromagnetism layer side 
rough a magnetic coupling layer. The aforementioned antiferromagnetism layer is a magnetoresistance-effect head to 
Inch onentation of the maximum **** is carried out, and it is characterized by tiie bird clapper so tiiat tiie rocking 
irve half-value width of tiie maximum **** peak may become 8 degrees or less. 

038] The magnetoresistance-effect head of invention of tiie 2nd of tiiis invention The huge magnetoresistance-effect 
m which has an antiferromagnetism layer for fixing the magnetization of tiie aforementioned magnetization fixing 
/er which has been arranged through a nonmagnetic interiayer, and by which tiie laminating was carried out at least 
tfie magnetization fixing layer and tiie magnetization free layer of a couple, and tiie aforementioned magnetization 
cing layer, And it sets on tiie magnetoresistance-effect head which has tiie elecfrode of the couple for supplying 
rrent to tiie aforementioned huge magnetoresistance-effect film. It comes to carry out antiferromagnetism 
•mbination of tiie ferromagnetic layer of tiie couple which tiie aforementioned magnetization fixing layer becomes 
)m tiie ferromagnetic layer B arranged at tiie aforementioned ferromagnetic layer [ which has been arranged at the 
orementioned nonmagnetic interiayer side ] A, and antiferromagnetism layer side tiirough a magnetic coupling layer. 
)r the aforementioned antiferromagnetism layer, the switched connection constant J with the aforementioned 
rromagnetic layer [ in / 200 degrees C / tiiickness is 20nm or less and ] B is 0.02 erg/cm2. It is tiie magnetoresistance- 
fect head characterized by being above. 

039] The magnetoresistance-effect head of invention of tiie 3rd of this invention The huge magnetoresistance-effect 
m which has an antiferromagnetism layer for fixing tiie magnetization of tiie aforementioned magnetization fixing 
l^er which has been arranged through a nonmagnetic interiayer, and by which tiie laminating was carried out at least 
the magnetization fixing layer and the magnetization free layer of a couple, and tiie aforementioned magnetization 
ang layer, And it sets on tiie magnetoresistance-effect head which has tiie elecfrode of tiie couple for supplying 
rrent to the aforementioned huge magnetoresistance-effect film. It comes to carry out antiferromagnetism 
mbination of tiie ferromagnetic layer of tiie couple which flie aforementioned magnetization fixing layer becomes 
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om the ferromagnetic layer B arranged at the aforementioned ferromagnetic layer [ which has been arranged at the 
brementioned nonmagnetic interlayer side ] A, and antiferromagnetism layer side through a magnetic coupling layer, 
hickness is 20nm or less, and the aforementioned antiferromagnetism layer is Zx Mn 1-x (it Ir(s) Z). It is the at least 1 
ord chosen from Rh, Ru, Pt, Pd, Co, and nickel. 0< x<0.4 and Zx Mn 1-x (Z is at least one sort chosen from Pt, Pd, 
id nickel) It is 0.4<=x<=0.7 or the magnetoresistance-effect head characterized by the thing of Zx Cr 1-x (at least one 
)rt, 0< x<l as which Z was chosen from Mn, aluminum, Pt, Pd, Cu, Au, Ag, Rh, Ir, and Ru) included for any one sort 
least. 

1040] The magnetoresistance-effect head of invention of the 4th of this invention The huge magnetoresistance-effect 
Im which has an antiferromagnetism layer for fixing the magnetization of the aforementioned magnetization fixing 
yer which has been arranged through a nonmagnetic interlayer, and by which the laminating was carried out at least 
• the magnetization fixing layer and the magnetization free layer of a couple, and the aforementioned magnetization 
xing layer. In the magnetoresistance-effect head which has the electrode of the couple for supplying current to the 
brementioned huge magnetoresistance-effect film, and the vertical bias layer of the couple to the aforementioned 
jge magnetoresistance-effect film It comes to carry out antiferromagnetism combination of the ferromagnetic layer of 
e couple which the aforementioned magnetization fixing layer becomes from the ferromagnetic layer B by the side of 
e ferromagnetic layer A by the side of the aforementioned nonmagnetic interlayer, and the aforementioned 
itiferromagnetism layer through a ma^etic coupling layer. The electrode of the aforementioned couple is a 
agnetoresistance-effect head characterized by having an electrode spacing narrower than the interval of the 
brementioned vertical bias layer. 

1041] In addition, the composition of the 1st or 4th magnetoresistance-effect head mentioned above is also applicable 
; composition of a magnetoresistance-effect element as it is. 

1042] Moreover, the magnetic disk drive equipment of this invention is characterized by providing the 
agnetoresistance-effect head of the above-mentioned this invention. And invention of the magnetic disk drive 
}uipment of this application is characterized by having the mechanism in which magnetization of the aforementioned 
agnetization fixing layer is made to fix in the predetermined direction, using the magnetic field generated by 
ipplying current to the aforementioned magnetoresistance-effect element of the magnetoresistance-effect head of the 
)Ove-mentioned this invention. 

1043] Furthermore, the manufacture method of the magnetoresistance-effect head of this invention is after membrane 
►rmation of the aforementioned huge magnetoresistance-effect film, and before it performs patterning, it is 
laracterized by performing heat treatment among a magnetic field and making the direction of magnetization fix in 
e predetermined direction to the aforementioned ferromagnetic layer A and the aforementioned ferromagnetic layer 

1044] On the other hand, the magnetoresistance-effect element based on other forms of this invention The spin bulb 
Im which has at least the two-layer magnetic layer arranged through the nonmagnetic interlayer of at least one layer, 
id the aforementioned nonmagnetic interlayer. In the magnetoresistance-effect element possessing the electrode of 
e couple which supplies sense current to the aforementioned spin bulb film the aforementioned spin bulb film The 
iprovement layer in the magnetoresistance effect which turns into the aforementioned nonmagnetic interlayer of the 
brementioned magnetic layer from the cascade screen of two or more metal membranes which touch the field of an 
)posite side. It has the non-magnetic layer which has the ground function or protection feature which touches the 
brementioned magnetic layer of the aforementioned improvement layer in the magnetoresistance effect with the field 
fan opposite side. And it is characterized by the element which mainly constitutes the metal membrane which touches 
e aforementioned magnetic layer among the aforementioned improvement layers in the magnetoresistance effect not 
ssolving with the element which mainly constitutes the aforementioned magnetic layer. 

1045] The magnetoresistance-effect element of this invention With or the nonmagnetic interlayer of at least one layer 
I the magnetoresistance-effect element possessing the spin bulb film which has at least the two-layer magnetic layer 
ranged through the aforementioned nonmagnetic interlayer, and the electrode of the couple which supplies sense 
irrent to the aforementioned spin bulb film The aforementioned spin bulb film has the improvement layer in the 
agnetoresistance effect which turns into the aforementioned nonmagnetic interlayer of the aforementioned magnetic 
yer from the metaled monolayer or metaled cascade screen which touches the field of an opposite side. And while the 
ement which mainly constitutes the aforementioned improvement layer in the magnetoresistance effect does not 
ssolve with the element which mainly constitutes the aforementioned magnetic layer which the aforementioned 
iprovement layer in the magnetoresistance effect touches, the aforementioned improvement layer in the 
agnetoresistance effect is characterized by having the alloy layer of a noble-metals system at least. 
1046] The magnetoresistance-effect element of this invention With or the nonmagnetic interlayer of at least one layer 
I the magnetoresistance-effect element possessing the spin bulb film which has at least the two-layer magnetic layer 
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rranged through the aforementioned nonmagnetic interlayer, and Ihe electrode of the couple which supplies sense 
urrent to the aforementioned spin bulb film While the aforementioned magnetic layer of at least one layer is arranged 
irough the improvement layer in the magnetoresistance effect which has at least the cascade screen of two or more 
letals, and one side of an alloy layer It is characterized by the element which has two or more ferromagnetics 
ombmed magnetically, and mainly constitutes the aforementioned improvement layer in the magnetoresistance effect 
ot dissolving with the element which mainly constitutes the aforementioned ferromagnetic which the aforementioned 
nprovement layer in the magnetoresistance effect touches. 

3047] Here, in three sorts of above-mentioned magnetoresistance-effect elements, the improvement layers in the 
lagnetoresistance effect are an interface with a magnetic layer, an interface in a cascade screen, an interface with a 
round layer or the non-magnetic layer as a protective layer, etc., show the electronic specular reflection effect as an 
xample of an effect, and, thereby, raise the magnetoresistance effect of a spin bulb film. Moreover, when a free layer 
ecomes thin, high MR rate of change can be maintained by canceling dispersion diffusive in an electron and raising 
le permeability of rise spin by the improvement layer in the magnetoresistance effect here acting as a nonmagnetic 
uantity conductive layer mentioned above, and forming the interface of an ultra-thin fi-ee layer and a nonmagnetic 
uantity conductive layer with the combination of material [ ***♦ /un-]. Since it is an interface [ **** / un-], with heat 
•eatment etc., an interface is stable and can cancel decline in MR rate of change. The improvement layer in the 
lagnetoresistance effect in this invention is not based only on the specular reflection effect, and control of the crystal 
ne structure of a spin bulb film, improvement in the magnetoresistance effect by reduction of a magnetostriction etc 
nng It about further so that it may explain in full detail behind. 

)048] Moreover, in three sorts of above-mentioned magnetoresistance-effect elements, when the magnetic layer which 
le improvement layer in the magnetoresistance effect touches consists of Co or a Co alloy as concrete composition of 
le improvement layer in the magnetoresistance effect, it is characterized by including at least one sort of elements 
hosen fi-om Cu, Au, and Ag. Moreover, when the magnetic layer which the improvement layer in the 
lagnetoresistance effect touches consists of a nickel alloy, it is characterized by including at least one sort of elements 
[losen from Ru, Ag, and Au. The thing containing elements, such as Cu, Au, Ag, Pt, Rh, Ru, aluminum, Ti, Zn, Hf, 
d, and Ir, is applicable to the improvement layer in the magnetoresistance effect. 

)049] When applying an alloy layer to the improvement layer in the magnetoresistance effect, as an alloy which 
Dnstitutes it, an AuCu alloy, a PtCu alloy, an AgPt alloy, an AuPd alloy, an AuAg alloy, etc. are illustrated. Moreover 
'hen applying a cascade screen to the improvement layer in the magnetoresistance effect, as for a cascade screen, it is ' 
esirable to have two or more metal membranes which have the relation of dissolution mutually. However, it is also 
ossible to use the cascade screen of two or more metal membranes which have a non-dissolving relation, ' 
)050] Furthermore, in three sorts of above-mentioned magnetoresistance-effect elements, this is arranged in contact 
ith a magnetic layer, using a magnetic layer, and the cascade screen and alloy layer of a metal membrane which have 
non-dissolving relation as an improvement layer in the magnetoresistance effect. Moreover, when a fi-ee layer 
ecomes thin, high MR rate of change can be maintained by canceling dispersion diffusive in an electron and raising 
le permeability of rise spin also here by the improvement layer in the magnetoresistance effect acting as a 
Dnmagnetic quantity conductive layer mentioned above, and forming the interface of an ultra-thin free layer and a 
3nmagnetic qxiantity conductive layer with the combination of material [ **** / un-]. Since it is an interface [ **** / 
ti-], with heat treatment etc., an interface is stable and can cancel decline in MR rate of change. The interface of the 
nprovement layer in these magnetoresistance effects and a magnetic layer is excellent in composition ****** based 
n a non-dissolving relation, and this state is further maintained after a thermal process. Therefore, the improvement 
yer in the magnetoresistance effect can be effectively operated as a specular reflection film (interface reflective film), 
id contributes to the improvement in a property of a magnetoresistance-effect element greatly. Since the improvement 
Sect of this magnetoresistance-effect property is not lost after a thermal process, it can offer the magnetoresistance- 
Ffect element excellent in thermal resistance. In other words, according to this invention, by the conventional spin 
ulb film, MR property spoiled by process annealmg by the diffusion and mixing by the interface can keep it good 
fter process annealing. 

)051] As a modification of the magnetoresistance-effect element of this invention which was mentioned above At 
^ast the nonmagnetic interiayer of at least one layer, and the two-layer magnetic layer arranged through the 
forementioned nonmagnetic interiayer, In the magnetoresistance-effect element possessing the spin bulb film which 
as the antiferromagnetism layer which fixes magnetization of at least one layer among the aforementioned magnetic 
yers, and the electrode of the couple which supplies sense current to the aforemaitioned spin bulb film The 
Torementioned antiferromagnetism layer is arranged in contact with the improvement layer in the magnetoresistance 
-Tect which has at least the cascade screen of two or more metals, and one side of an alloy layer. And the element with 
hich the element which mainly constitutes the aforementioned improvement layer in the magnetoresistance effect 
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lainly constitutes the aforementioned antiferromagnetism layer, and the magnetoresistance-effect element for which it 

Des not dissolve are mentioned. 

)052] At least the two-layer magnetic layer arranged through the nonmagnetic interlayer of at least one layer, and the 
'orementioned nonmagnetic interlayer as other modifications. In the magnetoresistance-effect element possessing the 
)in bulb film which has the antiferromagnetism layer which fixes magnetization of at least one layer among the 
.wementioned magnetic layers, and the electrode of the couple which supplies sense current to the aforementioned 
>in bulb fihn The aforementioned antiferromagnetism layer is arranged in contact with the improvement layer in the 
lagnetoresistance effect which has at least the cascade screen of two or more metals, and one side of an alloy layer, 
nd the magnetoresistance-effect element containing at least one sort of elements with which the aforementioned 
nprovement layer in the magnetoresistance effect is chosen from Cu, Au, Ag, Pt, Rh, Ru, aluminum, Ti, Zr, Hf, Pd 
id Ir is mentioned. > > » » > 

>053] the improvement layer in the magnetoresistance effect in this invention functions effectively also to 
flprovement in the magnetoresistance effect based on control of not only the effect as high MR maintenance when the 
ee layer by the specular reflection film and the stable interface is thin but the film fine structure, and the 
lagnetostriction control which is the magnetosensitive layer which consists of Co system magnetic materials, such as 
CoFe alloy for example, Cu ground layer - if independent -- for example, the lattice spacing of a CoFe alloy ~ small 
becoming ~ passing ~ on the other hand - Au ground layer ~ if independent, the lattice spacing of a CoFe alloy 
scomes large too much On the other hand, by using a cascade screen and an alloy layer which were mentioned above, 
t Co system magnetic materials, such as Co as a magnetosensitive layer, and a CoFe alloy, into a lattice spacing 
Tective in a low magnetostriction, and let d (1 1 1) lattice spacing be the range of 0.2055-0.2085nm. A 
agnetoresistance-eflfect property improves also by such magnetostriction control. 

1054] Furthermore, when aiming at improvement in a property of a spin bulb fihn, suppression of the atomic diffiasion 
/ the grain boundary etc. is effective. In order to suppress the atomic diffusion by the grain boundary, it is desirable to 
m the grain boundary of a spin bulb film big and rough, and to lower grain boundary density. Moreover, it is 
jsirable that it is the structure which should also be called false single crystal film which is the usual not the grain 
>undary but so-called sub grain boundary which does not almost have a gap of the orientation within a field though 
e grain boundary exists. A small angle tilt boundary etc. is mentioned as an example of such a sub grain boundary. 
Iso to formation of such a small angle tilt boundary, the improvement layer in the magnetoresistance effect of this 
vention is effective, by applying the improvement layer in the magnetoresistance effect which consists of the cascade 
Teen and alloy layer of a metal membrane which was mentioned above, can carry out fee (1 1 1) orientation of the spin 
alb film, and can make a gap of the direction of crystal orientation between the crystal grain in a film surface less than 
) degrees. A magnetoresistance-effect property improves also by such crystal grain control of a spin bulb film. 
1055] The magnetoresistance-effect element of this invention is a thing based on the technology of reducing 
agnetostrictions, such as a CoFe alloy mentioned above, by the Au-Cu alloy or the Au/Cu cascade screen. With or 
e nonmagnetic interlayer of at least one layer In the magnetoresistance-effect element possessing the spin bulb fihn 
hich has at least the two-layer magnetic layer arranged through the aforementioned nonmagnetic interlayer, and the 
ectrode of the couple which supplies sense current to the aforementioned spin bulb film the above ~ fee (ill) 
ientation of the magnetic layer from which the magnetization direction changes with extemal magnetic fields among 
/o-layer magnetic layers even if few is carried out, and it is characterized by d (1 1 1) lattice spacing being 0.2055nm 



•more 



1056] As for d (1 1 1) lattice spacmg of a magnetic layer, in the magnetoresistance-effect element mentioned above it 
desu-able that it is the range of 0.2055-0.2085nm. Moreover, the magnetic layer from which the magnetization 
rection changes with extemal magnetic fields consists of Co or a Co alloy. 

1057] The magnetoresistance-effect element of this invention mentioned above is used for the magnetic head and the 
agnetic recording medium of this invention. That is, the magnetic head of this invention is characterized by providing 
bottom magnetic-shielding layer, the magnetoresistance-effect element of the above-mentioned this invention fonned 
rough the bottom reproduction magnetic gap on the aforementioned bottom magnetic-shielding layer, and the top 
agnetic-shielding layer formed tiirough the bottom reproduction magnetic gap on the aforementioned' 
agnetoresistance-efifect element. 

'058] The magnetoresistance-effect element of the above-mentioned tiiis invention by which the magnetic head of the 
c/play separate-type of this invention was formed through the bottom reproduction magnetic gap on the bottom 
agnetic-shielding layer and the aforementioned bottom magnetic-shielding layer. The reproducing head which has 
e top magnetic-shielding layer formed through the bottom reproduction magnetic gap on tiie aforementioned 
agnetoresistance-efifect element, It is characterized by providing tiie recording head which has the aforementioned 
p magnetic-shielding layer, the communalized bottom magnetic pole, the record magnetic gap fonned on the 
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forementioned bottom magnetic pole, and the top magnetic pole prepared on the aforementioned record magnetic gap. 

0059] The magnetic-head assembly of this invention is characterized by providing the head slider which has the 
tiagnetic head of the rec/play separate-type of the above-mentioned this invention, and the arm which has the 
uspension in which the aforementioned head slider was carried. Moreover, the magnetic recording medium of this 
ivention is characterized by providing the head slider equipped with the magnetic head of the rec/play separate-type 
'f the above-mentioned this invention which reads a signal by the magnetic field which writes a signal in a magnetic- 
ecording medium and the aforementioned magnetic-recording medium by the magnetic field, and is generated fi-om 
le aforementioned magnetic-recording medium. 
0060] 

Embodiments of the Invention] Hereafter, it explains in detail, referring to a drawing about the gestalt of operation of 
lis invention. 

Gestah : thin-film-izing of a fi-ee layer of the 1st operation) The gestalt of implementation of invention about "thin- 
ilm-izing of a fi"ee layer" is explained to the beginning. 

9061] Before here explains the gestalt of operation of this invention, the technical problem about "thin-fibn-izing of a 
ree layer" which this invention person has recognized in process in which it results in this operation gestalt is 
xplained in full detail. 

3062] In a magnetoresistance-effect element, as mentioned above, in addition to the rise of MR rate of change, the 
irge improvement in sensitivity is realizable with thin film-ization (reduction of a Ms*t product) of a fi-ee layer. If it 
ays roughly, an output will increase in inverse proportion to the size of the Ms*t product of a free layer. However, it 
ecame clear about thin-film-izing of a fi-ee layer that the following problems arise as a result of examination which 
lis invention person performed uniquely. 

3063] As the 1st problem, it is mentioned that the bias point design at the time of sense current energization is 
ifficult. If the bias point comes in the center of a portion with the alignment-inclination of a transfer curve when the 
lagnetic field which starts at the time of head operation all carries out a leg, it will be called the optimal bias state, 
[owever, if the thickness of a fi*ee layer becomes thin, since the inclination of a transfer curve will become steep, it 
ecomes very difficult to have the bias point in the center of the alignment field of a transfer c\irve. If the bias point 
ecomes bad, and the asymmetry (asymmetry) of a signal will come out or it will become still worse, it becomes 
npossible to completely take an output level. 

3064] As the 2nd problem, if a fi-ee layer is thinned very much with the conventional technology, MR rate of change 
nil produce the problem which falls sharply. Reduction of MR rate of change brings about the fall of a reproduction 
utput. 

3065] Drawing ? is a conceptual diagram for explaining two problems enumerated above. That is, this drawing 
xpresses the transfer curve of the magnetic head which used the magnetoresistance-effect element, and when a fi-ee 
lyer is thick, this drawing (b) expresses this drawing (a), respectively, when a free layer is thin. Since the inclination 
fa transfer curve will become steep (Hs becomes small) and MR rate of change will decrease if a free layer becomes 
lin as mentioned above, drawing 7 shows that two problems that deltaV becomes small arise. 
3066] Among the above-mentioned problems, the problem especially about the bias point has not been easily 
^cognized, even if the membrane structure was determined, but it reached to an extreme of design top difficulty, "a 
ap" which this invention person carried out modeled calculation this time, and was obtained on the result and 
xperience an amendment ~ the bias point was able to be judged by things The calculation technique of the bias 
oint is described below. 

3067] The bias point is shifted by various external magnetic fields which join a free layer. This shift can be 
pproximated as the sum of 1 . current magnetic field (Hcu), the static magnetic field (Hpin) from 2. pin layer, the layer 
)int magnetic field (Hin) from the pin layer through 3. spacer, and the disclosure magnetic field (Hhard) from 4. hard 
ias film. In the magnetic field of the above 1-4, the hard bias magnetic field of 4. is comparatively small. Then, this 
ivention person inquired wholeheartedly paying attention to the sum of the magnetic field of the above 1-3. The 
jrmula of the bias point used this time is shown below. 
3068] 

. p.=50x(Hshift/Hs)+50 (1-1) 

[shift =-Hin+Hpin**Hcu (1-2) 

[s =Hdfree + Hk(l-3) 

[dfree =pi2 (Ms*t) free/h (1-3-1) 

Ipin =pi2 (Ms*t) pin/h (1-4) 

[cu=2piCxIs/h(1.5) 
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:=(I1 -I3)/(I1 +12 +13) (1-5-1) 

[ere, b.p. of a formula (1-1) is the bias point [%] observed this time. The rated-bias point is 50%, and if it includes to a 
largin, it can be called bias point with 40 - 60 usable%. If the bias point shifts from these values, asymmetry 
isymmetry) cannot come out, or it will become impossible to completely take an output, in being severer. 
)069] When asymmetry becomes +10% when the bias point becomes 40%, and the bias point becomes 60%, as for 
le relation between a bias point value and asymmetry, asymmetry becomes about -10%. As for the rated-bias point in 
lis calculation, 30 - 50% becomes an optimum value not on 40 - 60% but on experience so that it may mention later. 
)070] Drawing 8 is the graphical representation showing the relation between the bias point value on calculation, and 
le regenerative-signal wave of a head. At the time of 30 - 50% of bias point value, asymmetry is comparatively small, 
ad shows a good signal wave form at it. If the bias point comes to the place shifted, asymmetry will become large so ' 
lat drawing 8 may show, and it will become impossible however, to use practically from the range, 
)071] Hshift is the sum [Oe] of each magnetic field which joins a free layer, as expressed with a formula (1-2). Hs is 
a inclination on a transfer curve, as dr a wing 7 also showed. 

)072] DrawingJ is explanatory drawing showing the relation of each of these magnetic fields. 
)073] Hdfree is the anti-magnetic field of the free layer in a certain MR height length, h is MR height length [mum]. 
:pin is a pin disclosure magnetic field which joins a free layer from a pin layer. (Ms*t) free is the product of the total 
ituration magnetic field Ms of a free layer, and Thickness t, and pin(s) (Ms*t) are the saturation magnetization of the 
in layer (magnetic thickness of the pin layer of the upper and lower sides to the case of synthetic AF difference) of the 
etwork of a pin layer, and the product of thickness. 

)074] Hcu is a current magnetic field which joins a free layer, and Is is sense current [mA]. The coefficient C in a 
)rmula (1-5-1) is the ratio of current diverging which flows in the layer of the upper and lower sides of a free layer. 
)075] Drawing 10 is a conceptual diagram showing the current diverging 11-13 which flows each class. 
)076] In the calculation explained here, since it is easy, neither the influence of the ABS side edge section nor the 
ifluence of a shield is taken into consideration, the estimate of the bias point by the calculation which this invention 
srson performed, and an actual head - ** - if ~ it has become clear on experience that the bias point shifts to a way's 
f calculation minus side about about 10% If order plus-or-minus 10% takes the usable bias point into consideration 
om the place of the rated-bias point, it can be called the point of 30% - 50% of bias point value acquired by 
ilculation good [ however ]. Therefore, at the time of the value of 30% - 50%, it can be judged that the practically 
Dod bias point was obtained on the bias point obtained by calculation as shown above. 

)077] The spin bulb film known concretely below until now is taken for an example, and a trouble is explained in 
3tail using the bias point formula mentioned above. 

he example 1 of comparison: It is usually a spin bulb (with no spin-filter-less x synthetic AF) 
a5/NiFe2/Co0.5/Cu2/CoFe2/IrMn7/Ta5 (a unit is nm) (1) 

he above (1) expresses the laminated structure of a spin bulb, and expresses the element and thickness (nm) which 
)nstitute each class. This example of comparison is a film on extension of the conventional technology which made 
ily the free layer thin by the spin bulb film conventionally [ so-called ]. The bias point was calculated in this film 
)mposition. 

)078] In the bias point formula of - (1-1) (1-5) formula mentioned above, the current magnetic field of a formula (1-5) 
difficult to ask especially. The reason is that it is difficult to ask for the current diverging ratio C of a formula (1-5- 
K In a thin film, the specific resistance of each class is because the resistivity of bulk is remarkable and values differ 
I response to the influence of crystallinity, a current distribution, etc. Since calculation which as actually as possible 
*'(ed) it was performed, this invention person was able to ask for the current diverging ratio C with a sufficient 
recision by performing the following devices this time. 

>079] In order to ask for the specific resistance of each class, some films changed to order plus-or-minus 2nm were 
roduced, and the thickness of a layer and the relation of conductance which observe were extrapolated in a straight 
ne and it asked for them to produce the spin bulb film of the above-mentioned composition, and ask for the specific 
distance of a certain layer. The reason searched for such is that the actually based value does not become by the 
chnique of asking for specific resistance by the monolayer of the thin film used well. In order to make influence of 
ystalline, and influence of a current distribution as small as possible, it became clear by examination of this invention 
srson that it is most accurate to make it the material as practice even with the same up-and-down film, and to see the 
)nductance difference in a minute thickness range which was mentioned above. 

)080] Since not only the influence of crystalline is small, but the specific resistance of each class for which it asked by 
lis technique includes the influence of a current distribution, precision becomes good considerably from the current 
verging ratio C of the formula (1-5-1) for which it asked by the simple parallel conductor using the specific 
distance of a monolayer. By adoption of this technique, precision is raised more and the conventionally difficult 
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irrent magnetic field can be expected now also by calculation. 

)081] As a result of asking for the specific resistance of each class by the above technique, NiFe is 20micro omegacm. 
oFe is 13microomegacm. Spacers Cu are Smicroomegacm. IrMn was set to 250microoniegacm. Here, since specific 
jsistance was not able to change rapidly by crystallization and the influence of a scaling object was not able to 
ilculate an exact large value about Cap Ta, either, when thickness was thickened about Ta (tantalum) of a ground, it 
as assumed that it was 1 OOmicroomegacm. It asked for the current diverging ratio of each class using ttiese values, 
id the current magnetic field Hcu was calculated by the formula (1-5). 

)082] Moreover, 250e(s) of an actual measurement were used as a value of Hin. Hpin was calculated by the formula 
-4). 

)083] Since height length becomes short with this film composition while pin thickness has been thick, the disclosure 
lagnetic field Hpin which joins a free layer fi-om a pin layer becomes large and much current flows above the fi-ee 
.yer bottom, the current magnetic field Hcu which joins a fi-ee layer is also large. Therefore, by the big current 
lagnetic field Hcu, thinking as the design technique of the bias point will cancel and carry out bias point adjustment, 
id it will have big Hpin. 

)084] When sense current is set to 4mA, tiie result of flie bias point value calculated using the above-mentioned value 
shown in Table 1 . 

able 1 : Bias point MR height0.3micrometer obtained by calculation of film of example 1 of comparison 70%0.5 
licrometers 61%0.7 micrometers As shown in Table 1 53%, in MR height of 0.3-0.5 micrometers, the bias point is 61 
70%, and is exceeded rather than the value considered on calculation to be the optimal bias point value. 
)085] Drawing J, 1 is a conceptual diagram showing the state of the bias point in this example of comparison. That is, 
hen MR height is narrowed, it turns out that the bias point shifts to an anti ferro side (larger side than 50%). In order 
)r mechanical polishing to perform MR height, dispersion will surely come out of it. Dispersion in such MR height 
lows that the yield becomes very bad. It originates in that this tends to adjust the bias point by the very unstable 
jchnique of canceling the big pin disclosure magnetic field Hpin by the big current magnetic field Hcu as expressed to 
rawing 1 1 if it says qualitatively. 

)086] Moreover, the film of this example of comparison has a still more essential problem besides the bias point. It is 
lat MR rate of change falls, when the ultra-thin fi*ee layer made into the object by this invention is adopted. As a fact 
hich this invention person acquired experimentally, if the thickness of a firee layer becomes thin, that MR rate of 
lange after process heat treatment deteriorates extremely will pose a big problem. For example, after process heat 
eatment, it will decrease to MR rate of change being about 1 1% in as-depo (state [ having as-deposited : deposited ]) 
ith the composition of the example 1 of comparison even in the size of the abbreviation half of 5.6% of MR rate of 
lange, and as-depo. Now, the spin bulb film of high-density correspondence is unrealizable. 
)087] fiirthermore, since all the thickness of each class is becoming thin in this spin bulb film, field resistance of a 
>in bulb film also becomes a big value about 30ohms, and is not practical fi-om the point of an electrostatic discharge 
ESD.'Electric Static Discharge) It is because it becomes easy to happen the more the more the resistance of ESD is 
rong, as known well. 

)088] The above thing shows that there is simply nothing by practical film by which the film of the example 1 of 
Dmparison is adopted as the head for high-density record. 

he example 2 of comparison: U.S. Pat. No. 5422591 (with no x synthetic AF with a spin filter) 
a5/Cux/NiFel .5/Cu2.3/NiFe5/FeMnl l/TaS (a unit is nm) (2) 

1 order to improve MR in an ultra-thin fi-ee layer, the spin bulb film of composition of having carried out the 
iminating of the high conductive layer to the fi'ee layer in the spacer non-magnetic layer and the opposite side is 
roposed. For example, patent No. 2637360, U.S. Pat. No. 5422591, U.S. Pat. No. 5688605, etc. can be mentioned. 
)089] The film of the above (2) is the example of a spin bulb film based on U.S. Pat. No. 5422591. In this spin bulb 
Im, in the spacer Cu of a fi'ee layer, since it will become a simple shunt layer by thickening Cu ** which touched the 
pposite side if the mean fi^ee path of rise spin is long, MR rate of change goes up by the bird clapper and Cu ** is 
lickened more than a mean fi'ee path, it has the inclination to take the peak of MR rate of change by a certain Cu **. If 
lis phenomenon is used, a part of reduction of MR rate of change in the ultra-thin fi-ee layer which was one trouble in 
le example 1 of comparison is improvable. 

)090] However, by the spin bulb film of the above (2) based on U.S. Pat. No. 5422591, it has film composition which 
; called the thermal resistance of the bias point and MR rate of change and which has a problan at two points. 
)091] First, about the viewpoint of the bias point, a direct publication or an indirect suggestion are not indicated at all 
I the specification of U.S. Pat. No. 5422591. And the film of (2) is composition which is not employable with an 
:tual head at all. The reason is explained in fiiU detail below. 

)092] The current magnetic field Hcu was first computed using the specific resistance of each class experimentally 
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rtained by the completely same method as the example 1 of comparison. As resistivity of each class at that time, Ta 
;sumed that they were 1 OOmicroomegacm and, as for 20microomegacm and Spacer Cu, in FeMn, 250microomegacm 
id NiFe used the value which was able to be found as experimentally [ Smicroomegacm and Ground Cu ] as 
3microomegacm. Moreover, sense current was set to 4mA. Although there was no description about Hin, 150e-250e 
as obtained as a result depended on this invention person's supplementary examination. Therefore, Hin was set to 
30e(s) here. 

)093] Element size calculated the bias point about the case of the head for high-density at the time of width-of- 
jcording-track Tw=0.5micrometer and MR hei^t=0.3-0.5micrometer. The result is shown in Table 2. 
)094] Table 2: the bias point [ ] MR height obtained by calculation with the composition of the example 2 of 
Dmparison at the time of changing ground Cu *♦ - 127% 140%, with this composition, the pin disclosure magnetic 
eld Hpin which joins a free layer from a pin layer is very large, and is the composition that the bias point tends to 
lift to a plus side Cu Onm Cu 1 nm Cu 2nm0.3micrometer 126% 143% 156%0.5 micrometer 1 1 1% As the calculation 
jsult of the bias point of Table 2 also shows, in the case where ground Cu ** which does not use the spin-filter effect 
zero, it tums out that it has come by height of 0.3-0.5 micrometers to the place when the bias point cannot 
)mpletely take an output with 1 1 1% - 126%. 

)095] Drawing 12 is a conceptual diagram showing the relation between the size of Hin when seeing in a transfer 
jrve, Hpin, and Hcu, and the bias point. Since Hpin is large, it comes to the place which the bias point exceeded 
msiderably by the current zero state, and becomes the design which is going to have it to the way of 50% somehow 
i the current magnetic field. However, with this composition, since Cu which is a high conductive layer is used for 
le ground, 13 in drawinj 1.0 will become large, and the current magnetic field Hcu acquired by the formula (1-5) will 
scome small. That is, to big Hpin, the bias point will be pulled down to about 50% by Hcu with a small retrose, and it 
ill be difficult to have the bias point in the good point. Furthermore, Table 2 shows signs that the bias point becomes 
ill worse as ground Cu ** is raised. 

)096] As a result of repeating the above examination, with composition which has a publication in a Gumey patent, it 
scame clear by being unable to perform a bias point design at all, but preparing Cu of a high conductive layer in a 
round that the bias point becomes still more xmreal composition. 

)097] Furthermore, the film of U.S. Pat. No. 5422591 is not a practical film, in view of the viewpoint of the thermal 
jsistance of MR rate of change. Surely the value of MR rate of change in as-depo rises according to the spin-filter 
ffect, as U.S. Pat. No. 5422591 has a publication. However, when an ultra-thin free layer was used after heat 
eatment which simulated the actual head production process, this invention person found out that the value of MR 
ite of change decreased remarkably as a characteristic phenomenon. This poses a serious problem, in order to obtain 
le high power for high-density record. 

)098] Actually, if that whose MR rate of change was 1 .8% in as-depo when it retested with the film (film of the above 
!)) of the example of a Gumey patent and ground Cu ** was Inm performs heat treatment which simulated this 
ivention person's process, it will deteriorate to 0.8%. This main cause is because FeMn is used for the 
itiferromagnetism film so that it may state later. MR rate of change retumed to the high value according to the spin- 
Iter effect with much trouble is made to completely fiinction in this in the spin bulb film using the ultra-thin free layer 
ifficult for realizing high MR value. That is, in order to realize the ultra-thin free layer spin bulb film in which high 
IR rate of change is shown, it tums out that it cannot attain only by the simple spin-filter effect, 
xample 3 of comparison: JP,10-261209,A 
a5/Cu3/Tal/NiFe5/Cu2.5/Co2.5/FeMnlO/Ta5 (3 (a unit is nm)) 

is not a thing aiming at the spin-filter effect of MR rate of change like U.S. Pat. No. 5422591 shown in the example 2 
f comparison, and a current magnetic field Hcu reduces, and Cu shunt layer which approaches a free layer through Ta 
jppresses change of the bias point by sense current, and aims at stabilizing asymmetry by the film of the above (3) 
arrently indicated by the JP, 10-26 1209, A specification. However, like the film of (3), although such the way of 
linking is effective enough in the field where a free layer is comparatively thick, it does not serve as a practical film at 
11 in respect of the bias point and MR rate of change at the time of the ultra-thin free layer used as the target by this 
ivention. The reason is explained below. 

)099] First, as the film of (2) of the example 2 of comparison showed, when Hs becomes very small about the bias 
oint using an ultra-thin free layer, even if it reduces the current magnetic field Hcu, if the pin disclosure magnetic 
eld Hpin is large, the optimal bias point cannot be realized. When Hs is comparatively big and the optimal bias point 
: once obtained thickly [ a free layer ] that is, the point that the sense current dependency of the bias point is small has 
le effective structure of the above (3). However, when a free layer becomes ultra-thin with the film composition of the 
Dove (3), the optimal bias point cannot be realized primarily. That is, in order to make it densification correspondence 
y the film of the composition of (3), when a free layer is set to 4.5nm or less, the bias point will shift to a plus side. 
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)1 00] In order to show that, the bias point in the film of this composition of having asked by calculation is shown in 
able 3. 

)101] Table 3: The bias point MR height in film of example of comparison (3) NiFe 5nm NiFe 3nm0.3micrometer 
5% 108%0.5 micrometers 83% 104%0.7 micrometers 81% As Hin, the value of lOOe was used 100% here. It turns 
at that the bias point has shifted to the plus side by the film of the composition of the example of comparison (3) even 
hen NiFe thickness is 5nm primarily if Table 3 is seen, and the bias point exceeds in a plus side increasingly if free 
lyer NiFe thickness becomes thin with 3nm although it is the composition which cannot say it as a good design. 
)102] Drawing 13 is a conceptual diagram showing the relation of the determination element of the bias point in this 
"cample of comparison. Since only the current magnetic field Hcu has been reduced while Hpin has been large as 
Impressed to this drawing, in the place where the bias point has thin free thickness, it has composition which cannot be 
iken at all. That is, since the time of the place which added all current magnetic fields Hcu, layer joint magnetic fields 
in, and pin disclosure magnetic fields Hpin becoming zero is a rated-bias point point, even if it is going to bring a 
jrrent pin center,large close to a free layer like the structure of the above (3) and is going to make only a current 
lagnetic field into zero, it becomes the film design which is completely meaningless. 

)103] Furthermore, the point that high MR rate of change required for densification cannot be obtained as fault of the 
nd point which the structure of the above (3) has can be mentioned. That is, in the structure of (3), since the material 
f comparatively high resistance is inserted between the high conductive layer and the free layer as a diffusion 
revention layer, when it becomes an ultra-thin free layer, the spin-filter effect of MR which is obtained by the Gumey 
atent is no longer acquired. MR rate of change will fall by the film of the composition of a free layer which 
emonstrates power especially by this invention explained in fiiU detail behind of (3) from a field 4.5nm or less. 
)104] Above, for the reason of two points, the structure of the above (3) is the way of thinking in the field where a 
ee layer is comparatively thick strictly, and it turns out that it does not become practical film composition at all in an 
Itra-thin free layer. 

)105] The example 4 of comparison: Spin-filter-less x synthetic 

.FTa5/NiFe2/CoFe0.5/Cu2/CoFe2.5/Ru0.9/CoFe2/IrMn7/Ta5 (a unit is nm) (4) In this example of comparison, in 
rder to raise a pin property, synthetic AF structure was adopted. Anti ferro distributor shaft coupling 
mtiferromagnetism combination) of the two-layer ferromagnetic layer through Ru (ruthenium) is carried out. On the 
ther hand, the ferromagnetic layer of one of these has fixed to ** with the antiferromagnetism film. By adoption of 
y^nthetic AF structure, with normal pin structure, it becomes possible to use, if there is a certain amount of size on the 
ther hand even when the tropism anisotropy field Hua is small, and pin thermal resistance improves. Moreover, as 
Iready stated, with synthetic AF structure, each other [ layer / ferromagnetic / of the upper and lower sides through 
.u ] magnetization direction has tumed to the retrose, and since the joint magnetic field is far larger than the mediimi 
lagnetic field at the time of Nxmiber kOe and head operation, as for the magnetization moment which comes out 
utside, the difference of Ms*t of an up-and-down pin layer is considered to be the moment of a network in 
pproximation. That is, it becomes possible to make small influence of a ****** pin disclosure magnetic field at a free 
lyer, and the bird clapper is advantageously expected on the bias point (JP,7- 169026, A). 

)106] For example, in the case of the example of comparison, it is thought with a 0.5nm pin layer that pin ** of a 
etwork is equivalent, and a pin disclosure magnetic field equivalent to an unrealizable thin pin layer can be realized 
nth normal pin structure. Ideally, if an up-and-down pin layer is arranged with the same Ms*t product, a pin 
isclosiu-e magnetic field will be called zero. Only by reducing such a pin disclosure magnetic field, it was thought that 
le bias point design of a densification correspondence spin bulb film was enough. However, in the ultra-thin free layer 
f high-density correspondence, this invention person found out that the bias point stabilized only with synthetic AF 
tructure was unrealizable this time. The content is explained below. 

)107] Drawing 14 is a conceptual diagram showing the relation of the determination element of the bias point in this 
xample of comparison. That is, in the composition of this example of comparison, since the free layer is located in the 
lace from which it separated greatly from the current pin center,large of the current distribution of a spin bulb film, 
le current magnetic field Hcu is very large. At most by about 20 Oes, it is in the state where current is not passed at all 
lat the pin disclosure magnetic field is also very small by adoption of synthetic AF structure, and Hin is in the state of 
ias almost just. If current is passed by the spin bulb film of this composition, the more it passes current, the more it 
nil shift from bias just by the big current magnetic field Hcu. 

3108] The resuh of the bias point calculation about this example of comparison is shown in Table 4. 
3109] Table 4: The bias point MR height obtained by calculation of film of example 4 of comparison Hcu**Hpin** 
[cu**Hpin**0.3micrometer 88% 22%0.5 micrometers 80% 16%0.7 micrometers 73% The value of 20Oe(s) was used 
s Hin 10% here. Table 4 shows that the bias point cannot realize 30 - 50% of value, whichever it passes current to the 
ense as expected. 
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»1 10] This is not desirable although a pin disclosure magnetic field is made small as much as possible, and it is got 
ocked with this structure as a means to obtain bias just, and is equal in the pin thickness of the upper and lower sides 
ith synthetic AF structure, that is, the technique which it has in bias just by the current magnetic field can be 
msidered so that a pin disclosure magnetic field may be mostly made into zero, and Hin may be enlarged if possible 
id the big Hin may be canceled. It not only shifts the alignment field of an extemal-magnetic-field response simply, 
at big Hin brings about the bad influence which decreases an alignment field. Moreover, it is very difficult to control 
in by the small value uniformly, and it is not desirable that it is going to control by the big value uniformly 
maturally, and is going to produce a spin bulb film although it is good, even if it thinks fi-om the point of mass 
•oduction method. 

1111] Moreover, since there is no high conductive layer in the spacer of a free layer, and the field of an opposite side, 
the time of an ultra-thin fi-ee layer, MR rate of change deteriorates in the completely same reason as the example 1 of 
>mparison, and output sufficient as a head for high-density record cannot be secured. This is also an essential 
roblem. 

»1 12] As mentioned above, by the spin bulb film by adoption of only synthetic AF structure, it cannot perform 
laHzing the ultra-thin fi-ee layer spin bulb film for high-density record at all fi-om two points of the bias point and high 
Dwer. 

)1 13] As explained in fiiU detail above, by the film of composition [ like the examples 1-4 of comparison ] whose this 
ivention person is, the stable bias point and sufficient high power were clarified by performing the calculation and the 
ial production of a current magnetic field which were actually based [ that there is a problem that it cannot attain, 
id ] as a spin bulb film with the ultra-thin fi-ee layer for high-density record. And still more original trial production 
camination is carried out and it came to invent the composition explained in fiiU detail below. 

)1 14] D rawing 15 is the graphical representation expressed comparing the fi-ee thickness dependency of the bias point 
Fthe spin bulb film of each example of comparison mentioned above, and the spin bulb film by this invention. Any 
imposition is known by that a big problem is in the bias point by the spin bulb film of each example of comparison 
lown so far. Here, the optimal bias point is in 30 - 50% of range. And in order to fiiUy obtain sensitivity, in low Ms*t, 
is necessary to obtain the bias point within the limits of this. 

)1 15] On the other hand, Ms*t has all separated fi-om each example of comparison greatly fi-om the range with the 
ptimal bias point in low conditions. Furthermore, it tums out that the change of the bias point to Ms*t is very large, 
id regulation of the bias point is difficult. 

)1 16] On the other hand, the example 1 of this invention explained in fiill detail behind has the very small change of 
le bias point to Ms*t, and it tums out that there is the bias point within the always optimal limits. 
)1 17] In dravmigJjS , although the bias point on calculation has not said [ Ms*t ] 30% - 50% of range about the 
cample 1 of comparison even place [ of 5 or more nmTs / big ], this is because it is a value with larger MR height 
!ngth in low recording density for which Ms*t uses the fi-ee layer of 5 or more nmTs in fact. It is because it is 
>ecifically a larger value than 0.3 micrometers - 0.5 micrometers of MR height length in the target recording density 
I this invention. 

)1 18] Anyway, in the place where Ms*t is the field of 5 or less nmTs, the dominance difference of a bias point design 
fthe film of this invention and tiie film of the example of comparison is large, and a bird clapper is known clearly. 
)1 19] In the structure of the examples 1-4 of comparison mentioned above, drawing 16 is a graphical representation 
lowing how MR rate of change changes, when only Ms*t of a free layer is made small. Here, MR rate of change of a 
ertical axis is an amount mostly proportional to the vertical axis of the transfer curve of drawing 9 . The film of the 
?camples 1 and 2 of this invention explained later was also shown for comparison. 

)120] Here, Ms*t of the film of the examples 1-4 of comparison and the film of the example 1 of this invention 
lanufactured the sample which changed the NiFe thickness of a free layer, and the film of an example 2 created what 
hanged the thickness of CoFe of a free layer. All of these values are the results after performing process annealing of 
0 hours at 270 degrees C all over the magnetic field of 7kOe(s). 

)121] Moreover, the high conductive layer of the example 2 of comparison and examples 1 and 2 was taken as Cu of 
nm of thickness. As Ms*t of a free layer, the arrow showed the thing of the thickness of the free layer of the example 
f comparison all over this drawing. Moreover, as Ms*t of a free layer, Ms of NiFe set to 1.8T and showed Ms of IT 
nd CoFe by the thickness of NiFe conversion of IT altogether. 

)122] By the film of the examples 1,3, and 4 of comparison which do not have the high conductive layer which 
mches a free layer, if Ms*t of a free layer becomes small, MR rate of change will deteriorate rapidly and it will 
ecome difficult to secure the high power dealing with densification. 

)123] The thermal resistance of MR rate of change [ as opposed to / although the free layer Ms*t dependency of MR 
ite of change is comparatively small, since FeMn which does not contain noble metals in an antiferromagnetism film 
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used by the film of the example 2 of comparison which has a high conductive layer / process heat treatment ] is a 
•w. In such small MR rate of change, high power of densification is not securable. 

n24] If 0.5nm Co or CoFe is inserted between Spacer Cu and the free layer NiFe, although it will become larger 
>out 1 to 2% than the value in this drawing by the fibn of the example 2 of comparison, and the example 3 of 
^mparison, the dependency over Ms*t does not change with the case of the free layer of a NiFe monolayer, but is 
lough as MR rate of change in the place where Ms*t of a free layer is small anyway. [ of a small value ] 
)125] If the free layer which, on the other hand, has the high conductive layer which touched the free layer by this 
ivention, and the antiferromagnetism film which has noble metals are used, the thermal resistance of MR rate of 
lange to process heat treatment can also be improved, and sufficient high power of high-density correspondence can 
s obtained. The difference of MR rate of change with the example of comparison is large, and a bird clapper is known 
I the place which became smaller than 5nmT especially. 

)126] Below, the magnetoresistance-effect element of this invention is explained in detail. 
)127] jOrawing 1 is a conceptual diagram showing the cross-section composition of the magnetoresistance-effect 
ement of this invention. That is, the magnetoresistance-effect element of this invention has the composition which 
irried out the laminating of the high conductive layer 101, the free layer 102, the spacer layer 103, the 1 st 
jrromagnetic layer 104, the joint film 105, the 2nd ferromagnetic layer 106, and the antiferromagnetism film 107. 
)128] The good bias point is realizable by realizing Hpin-Hin=Hcu by making Hcu(s), Hpin(s), and all the Hin(s) into 
small value by this composition, when Hs on the transfer curve by having thinned the free layer 102 very much 
specially is small. Furthermore, the head of high power is realizable by maintaining the thermal resistance of good 
IR rate of change for generally it being hard coming to realize high MR rate of change in the case of an ultra-thin free 
lyer. 

)129] That is, by spin bulb film composition of this invention, since the good bias point can be realized and high MR 
ite of change can be maintained even when it has an ultra-thin free layer for high-density, it is stabilized and high 
ower can be obtained. Specifically, the good bias point is realizable by realizing Hpin-Hin=Hcu as a bias point design, 
is important that Hpin(s), and all Hin(s) and Hcu(s) make it small, in order to be stabilized and to realize the upper 
)rmula. 

)130] First, by using the so-called synthetic AF structure which the 2nd ferromagnetic of the above combined in 
titiferromagnetism to Hpin, actually acting as Hpin becomes only what is depended on the difference of the two-layer 
lagnetic thickness of the above 1st and the 2nd ferromagnetic, and it can reduce Hpin. 

)13 1] It turns out that it is effective to reduce pin (Ms*t) of a pin layer because of Hpin reduction even if this sees a 
)rmula (1-4). 

)132] However, it is indispensable for it to be completely meaningless, even if it reduces only Hpin for the bias point 
esign of an ultra-thin free layer, and to also reduce the current magnetic field Hcu. Therefore, by making the field of 
n opposite side carry out a nonmagnetic quantity conductive layer in contact with the spacer of a free layer, the center 
f the current distribution of current of flowing the inside of a spin bulb film can be brought close to a free layer, and it 
ecomes possible to reduce Hcu. That is, in a formula (1-5) and a formula (1-5-1), when 13 increases at the time of a 
)p type spin bulb film (II increases when it is a bottom type spin bulb film) and the current diverging ratio C falls, it is 
ecause the current magnetic field Hcu is suppressed. It is in high MR rate of change being maintainable as another big 
^ork of a nonmagnetic quantity conductive layer with the spin-filter effect at the time of the ultra-thin free layer made 
ito the object by this invention. That is, the magnetization direction of the pin layer of the side which touches a free 
lyer and a spacer can keep large mutually the difference of the mean free path of rise spin in the time of an parallel 
rate and an anti-parallel state by preparing a nonmagnetic quantity conductive layer. 

3133] Hpin-Hin=Hcu It is stabilized, and Hin reduction is also important in order to realize. Although it is important 
> make spacer ** thin for the high MR rate-of-change realization (the spin-filter effect) by the high conductive layer 
^hich touched the above ultra-thin free layers, generally Hin tends to become large, so that spacer ** becomes thin, 
nd, so that a free layer becomes thin. It is important to conquer it and to use this invention by Hin of the range of 
bout 0-20 Oes. 

3134] Drawing 2 is the schematic diagram of the transfer curve obtained in the spin bulb film of this invention. Also 
1 a transfer curve with small Hs using the ultra-thin free layer, since Hpin(s), and all Hcu(s) and Hin(s) are reduced, 
le design of Hpin-Hin=Hcu is attained and the bias point has set it as about 50% of good place. Furthermore, since the 
pin-filter effect by the high conductive layer is also used, high MR rate of change can be maintained also in an ultra- 
lin free layer, and the vertical axis of drawing 2 has also realized the sufficiently large value. 
3135] Next, each parameter of each element which determines the bias point, i.e., Hpin, and Hin and Hcu is further 
xplained to a detail. 

D136] First, low Hcu is explained. As already explained, in this invention, by preparing a high conductive layer in the 
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de which touches the field of an opposite side, the value of C in a formula (1-5) is reduced, and the current magnetic 
eld Hcu is reduced with the spacer of a free layer. It explains using the following film composition as a concrete 
cample. 

H37] 

a5/Cux/CoFe2/Cu2/CoFe2.5/Ru0.9/CoFe2/IrMn7/Ta5 (a unit is nm) 

rawing. 3 is a graphical representation to which the spacer which is in contact with the free layer expresses the 
Jation of the current magnetic field Hcu which joins the free layer to the thickness of the high conductive layer Cu of 
1 opposite side in the above-mentioned film. Here, sense current was set to 4mA. The value of C of a formula (1-5) is 
nail, and the current magnetic field Hcu is reduced by the bird clapper, so that the thickness of Cu is made to increase 
; shown in this drawing. When the current diverging ratio by the side of the upper layer and a lower layer becomes 
lual rather than a free layer, however the current magnetic field which joins a free layer may pass sense current, it 
tms into a zero magnetic field. 

)138] Here, as for the thing of the point of this invention for which the current magnetic field Hcu is completely made 
ito zero, it is not [ one ] conversely desirable but to reduce the current magnetic field. It sets to this invention and is 
pin-Hin=Hcu. It is because bias point adjustment becomes impossible like the example 3 of comparison mentioned 
)ove by the design which is going to carry out near of the current magnetic field to zero since bias point adjustment is 
aformed by making it realized. 

)139] When the thickness of a nonmagnetic quantity conductive-layer Cu layer is said in the big range, considering 
le viewpoint of a current magnetic field, within the limits of 0.5nm - 4nm will call it proper thickness. Since Hs 
jcomes small so that the thickness of a free layer becomes thin, the one where the current magnetic field Hcu is also 
nailer becomes desirable. Here, as a nonmagnetic quantity conductive layer, although Cu was used, when using other 
letallic materials or a cascade screen, it can think by the thickness altogether converted into Cu. since the specific 
jsistance for which it asked experimentally in the case of a nonmagnetic quantity conductive layer called Rul .5 
n/Culnm is [ 30microomegacm and Cu of Ru ] lOmicroomegacm ~ Cu conversion -- (l.SnmxlOmicroomegacm / 
3microomegacm) — it will be said that it is equivalent to Cu thickness of +lnm = 1 .5nm 

)140] as the specific resistance for which it asked experimentally when other metals were used similarly - Cu ~ 
3microomegacm and Ir can use 20microomegacm, as for 30microomegacm and Au, Re can use the value to which in 
3microomegacm and Pt 40microomegacm and aluminum say 12microomegacm to and 40microomegacm and Pd say 
yOmicroomegacm and Rh ] Os as 30microomegacm, and, as for lOmicroomegacm and Ag, lOmicroomegacm and Ru 
m ask for a current diverging ratio Moreover, when a nonmagnetic quantity conductive layer consists of an alloy, 
sing the value of the above-mentioned specific resistance of the element of the principal component, it can calculate 
5 thickness of Cu conversion and you may distribute proportionally according to composition of an element. 
)141] Although the value of this specific resistance changes by the adjoining material as the example of comparison 
as explained, since the material which a nonmagnetic quantity conductive layer touches does not differ greatly, the 
alue calculated using these values can prescribe proper thickness. 

)142] Moreover, since Hcu is decided by the current diverging ratio of the upper layer and a lower layer to a free layer 
) that it may understand by the formula (1-5), a nonmagnetic quantity conductive layer has the thinner possible one 
ssirable [ the thickness of a spacer layer located in a reverse side ] from a viewpoint of Hcu reduction. This [ the 
iclination's demanded from the spin-filter effect of MR rate of change of next explanation ] corresponds. Specifically, 
)acer thickness has 1 .5nm - desirable about 2.5nm. 

)143] The nonmagnetic quantity conductive layer has also achieved the fimction as a layer to bring about the spin- 
Iter effect of MR rate of change with current magnetic field Hcu reduction. It originates in the effect and the range of 
tness thickness is also limited to some extent. For example, since considering the conduction electron which moves to 
le free layer side from a pin side it becomes desirable composition that a mean free path difference becomes [ the 
lagnetization direction of a free layer ] large by parallel or anti-parallel at a pin layer, the thickness of the spacer 
idependent of the rise of spin and a down has the thinner desirable one. When it will be called the thickness which is 
le grade to which Hin does not increase, spacer ** has 1 .5nm - desirable about 2.5nm. 

)144] Moreover, free thickness is thick and its one sufficiently thinner than the mean free path of rise spin is more 
esirable than the mean free path of down spin. For example, since it is about 1 .Inm, as thickness of NiFe, when it is 
oFe, limi - about 3nm is the most desirable [ the mean free path of the down spin of NiFe / Inm - its about 4.5nm is 
le most desirable, and ]. Although the optimal thickness changes with pin **, spacer **, and free thickness in high 
(ectric conduction thickness, the peak of the thickness of the high electric conduction thickness which takes the peak 
f MR is carried out to the thick-fibn side, so that free thickness is so thin that spacer ** is thin, for example, a pin 
lyer - CoFe2.5nm and Cu spacer - thick - free 2nm — the case where Cu is used for a high conductive layer when it 
1 thickness CoFe2nm - about 2nm, by the way, a peak is taken Since the peak of MR rate of change is taken when the 
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ickness of a free-on experience layer and the total thickness of the nonmagnetic quantity conductive layer Cu are set 
about 4-5nm, it is desirable to set up the thickness of a nonmagnetic quantity conductive layer so that it may become 
e near. When Cu is used for the nonmagnetic quantity conductive layer which touches a free layer, the total thickness 
•Cu thickness and free layer thickness serves as a range with 3nm - desirable about 5.5nm also including a margin. 
'145] Next, Hpin is explained, efficiency pin ** [ in CoFe whose Bs is 1.8T ] in order to reduce Hpin - about 2nm or 
ss (it is 3.6nm or less by NiFe conversion), and a still more desirable efficiency-pin - thick — it is desirable to make 
Inm or less (for it to be 1 .8nm or less by NiFe conversion) As a realization means of the pin layer, synthetic AF 
ructure is desirable. This consists of composition of an antiferromagnetism film / 1/Ru0.9nm of ferromagnetics / 
rromagnetic 2, and is carrying out magnetic coupling of a ferromagnetic 1 and the ferromagnetic 2 in 
itiferromagnetism. While joined together in antiferromagnetism and, on the other hand, magnetization fixing of the 
rromagnetic 1 is carried out with the antiferromagnetism film at **. the magnetization direction of a ferromagnetic 1 
id a ferromagnetic 2 ~ a retrose ~ the joint magnetic field - several - kOe and since it is large, the difference of 
[s*t of a ferromagnetic 1 and Ms*t of a ferromagnetic 2 is considered to contribute to an efficiency pin disclosure 
agnetic field as primary approximation (JP,7-169026,A) 

1146] For example, with composition called IrMn/CoFe2/Ru0.9/CoFe2.5 (the unit of thickness is nm), efficiency pin 
^ will call it 2.5nm-2nm=0.5nm (magnetic thickness is 0.9nmT(s)). If efficiency pin thickness can be reduced, Hpin 
in be reduced as shown in a formula (1-4). Thus, synthetic AF structure is structure indispensable for mastering an 
tra-thin free layer in respect of the bias point of this invention. 

1147] Next, Hin is explained. When said from the point of the bias point and the spin-filter effect, it was already said 
at it is desirable to make it as thin as possible as for Cu layer thickness used as a spacer. As a concrete value of Hin in 
ich thin thickness, it is desirable to hold down to about 5-15 Oes still more desirably zero to 20 Oe. As the one 
>lution method of this invention, even when a spacer is thin, bilayer groimd composition etc. is raised as film 
)mposition which does not increase Hin. 

1148] Next, the thermal resistance of MR rate of change is explained. When an ultra-thin free layer is used, it also 
5comes remarkably difficult to maintain the thermal resistance to process heat treatment of MR rate of change, 
pecifically, in order to improve MR rate-of-change thermal resistance of an ultra-thin free layer spin bulb film, it 
vides greatly and there are two measures. It is preparing the nonmagnetic quantity conductive layer more than [ with 
le of them ] fixed in contact with a free layer. Although the nonmagnetic quantity conductive layer, of course, also 
id a role of a spin-filter effect, it became clear to also play the role of raising the thermal resistance of MR rate of 
lange. Although the thickness of a free layer was not so remarkable, when, as for this, it became thin by about 4.5nm 
: about 2nm, Inm or more was understood are indispensable as total thickness of a nonmagnetic quantity conductive 
yer. For example, although it will decrease about 50% by the relative ratio at MR rate of change of as-depo, and MR 
ite of change after process heat treatment (270 degree-Cx 10 hours) when a nonmagnetic quantity conductive layer is 
im, it can hold down to 0 - 30% of reduction by preparing an about Inm nonmagnetic quantity conductive layer. 
)149] Furthermore, dispersion is still in the rate of heat deterioration of MR rate of change only now. This cause is the 
ifference of the antiferromagnetism film material which is the 2nd measure. As an antiferromagnetism film, the time 
F using FeMn etc. is the case of the 30% of the above-mentioned rates of heat deterioration. However, when using 
Mn as an antiferromagnetism film material, it can be made to decrease to 0 - 15% of rate of degradation, 
urthermore, although MR rate of change of as-depo cannot be measured when using PtMn, it is realizable in general, 
Yo of values of heat deterioration, i.e., the rate, of MR rate of change of IrMn. [ of as-depo ] This was dependent on 
hether the noble-metals concentration of antiferromagnetism film material is included, and the desirable thing made it 
ear especially on the spin bulb film of an ultra-thin free layer according [ using the antiferromagnetism film 
Dntaining noble metals like IrMn, PtMn, PdPtMn, and RuRhMn ] to this invention. 

)150] Drawing 4 is a graphical representation showing the concrete range of the pin thickness of synthetic AF for 
etting asymmetry blocked and realizing bias point 30%-50% -10% to +10%, as the above conclusion, and 
onmagnetic quantity electric conduction thickness. Here, it is defined as (V1-V2)/(V1+V2) with "asymmetry, i.e., 
ivave asymmetry"," with the absolute value VI of the reproduction output in a right signal magnetic field, and the 
Dsolute value V2 of the reproduction output in a negative signal magnetic field. Therefore, it corresponds to 
isymmetry is -10% - +10%" being "(V1-V2 )the value of / (V1+V2) is 0.1 or less 0.1 or more minus plus." 
)151] Hpin-Hin=Hcu In order to realize, you also have to lower Hcu, when Hpin becomes small. That is, as shown in 
formula (1-4) and (1-5), it is the pin thickness (Ms*t) (when pin is made small, thickness of a nonmagnetic quantity 
Dnductive layer must be thickened and pin (Ms*t) is made into a larger value, you have to make thickness of a 
onmagnetic quantity conductive layer thin.) of the upper and lower sides of synthetic AF. 

)152] Specifically, when thickness of tm (pin2) and a nonmagnetic quantity conductive layer is set to t (HCL) (it 
Dnverted into Cu layer of specific resistance lOmicroomegacm) for llie thickness of tm (pinl) and a thin pin layer, the 
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ickness of the thick pin layer which forms synthetic AF The place with which are satisfied of 0.5 nm<=tm(pinl)-tm 
)in2)+t(HCL) <=4nm and t (HCL)>=0.5nni is the range of this invention. 0.5 nm<=tm(pinl)-tm(pin2)+t (HCL) is the 
nitation that the bias point becomes about 30% that is, and asymmetry becomes +10% here, and tm(pinl)-tm(pin2)+t 
ICL) <=4nm is the Umitation that the bias point becomes about 50% that is, and asynmietry becomes -10%, 
H53] Here, tm(pinl)-tm (pin2) is the magnetic thickness when converting into NiFe whose Ms is IT, for example, it 
ill be called x(2.5-2)1.8T=0.9nm at the time of the synthetic AF structure of the composition of PtMn/CoFe2 / 
u0.9/CoFe2.5. Moreover, in the case of the monolayer pin structure of the example of comparison shown for 
)mparison, (Ms*t) of a monolayer pin layer is used. 

H54] Moreover, t (HCL) is the case where a nonmagnetic quantity conductive layer is made into the thickness of Cu 
)nversion, and when using nonmagnetic quantity conductive layers other than Cu, it can be made into the thickness of 
u conversion using the resistivity mentioned above. 

1155] Moreover, t (HCL)>=0.5nm of lower limits of the thickness of a nonmagnetic quantity conductive layer 
quired for high MR realization in a free layer thinner than 4.5nm is specified. Moreover, if the thickness of a 
^nmagnetic quantity conductive layer is set to 3nm or more, since deltaRs may fall as a still more desirable range of 
e above-mentioned range, t (HCL)<=3nm is desirable. Moreover, if the difference of the vertical pin thickness of 
mthetic AF is set to 3nm or more, since the tiiermal resistance of magnetization fixing of a pin layer will deteriorate, 
is desirable that it is tm(pinl)-tm(pin2) <=3nm. 

1156] In drawing 4 , the data of the film of the examples 1-4 of comparison mentioned above and the example 1 of 
is invention explained in full detail behind were plotted. Here, in the case of synthetic AF structure, the pin layer by 
,e side of a spacer layer turned on the magnetic thickness of pin layer of horizontal axis plus-side, when magnetic 
ickness was thicker than another pin layer, and the pin layer by the side of a spacer layer decided to take the magnetic 
ickness of the pin layer of a horizontal axis to a minus side, when magnetic thickness was thinner than another pin 
yer. It decided to take all the magnetic thickness of a pin layer at a plus side in the case of the conventional pin layer 
hich does not use synthetic AF. 

H57] As shown in this drawing, although it separates from all the examples of comparison from the good range and 
;ymmetry is bias bad, that is, large, according to this invention, the good bias point, i.e., a film with small asymmetry, 
realizable. 

n58] The concrete film composition which conquered the heat-resistant difficult point of the bias point design by this 
Lvention explained above which cancels small Hpin by synthetic AF by small Hcu, that is, realizes Hpin-Hin=Hcu, 
id MR rate of change peculiar to an ultra-thin free layer spin bulb film is shown. 
Example 1) Top SFSV (NiFe/Co(Fe) free layer) 

a5/Cux/NiFe2/CoFe0.5/Cu2/CoFe(2+y)/Ru0.9/CoFe2/IrMn7/ra5 (7-1) An antiferromagnetism film first explains the 
cample of the so-called top type located in an upper layer side rather than a free layer of spin bulb film. 
)159] Drawing 5 is the conceptual diagram showing the concrete film composition of the magnetoresistance-effect 
ement of this example. That is, the laminating of the free layer 102 and the spacer layer 103** was carried out the 
laracteristic high conductive layer 101 by this invention, and on it on the ground buffer layer 12, the ferromagnetic 
in layer 104,106 joined together in antiferromagnetism through 105, and, on the other hand, the pin layer of 106 has 
xed to ** by the antiferromagnetism layer 107. The cap layer 1 13 is formed on the antiferromagnetism layer 107. The 
lembrane structure of (7-1) is the thing of the type with which the free layer 102 consists of a cascade screen of the 
ilayer of 1 10 and 111, and the nonmagnetic quantity conductive layer 101 consists of a monolayer Cu. 
)160] The film of (7-1) turns into a film which was compatible in MR and the bias point using the spin-filter effect of 
IR by Cu ground, the current magnetic field Hcu reduction effect, and the Hpin reduction effect by synthetic AF. The 
jsult which calculated the bias point by the method mentioned above is shown in Table 5 about this film. 
)161] Table 5 Bias point calculation resuU (a) y= 0.5 Hin=20 OeMR height x= 20.3 micrometers 37%0.5 micrometers 
1%0.7 micrometers 25% (b) y= 0.8 Hin=20 OeMR height x= 20.3 micrometers 46%0.5 micrometers 40%0.7 
licrometers 33% (c) y= 0.5 Hin=10 OeMR height x=20.3micrometer 42%0.5 micrometers 39%0.7 micrometers 
rround Cu ** could be 2nm 36% here. At the time of Cu ground of the monolayer which consists of a high conductive 
tyer of a simple monolayer, Hin serves as 20Oe(s) and a larger value a little. Then, the result of Table 5 (a) shows that 
le pin thick difference of synthetic AF shifts to a minus side a little from 40% of a good bias point value in 0.5nm. 
ithough it is a film also with this sufficiently practical, the case where y= 0,8nm and Hpin are increased a little is as a 
5sult of Table 5 (b). This enables it to bring the bias point close to a good value, when the bias point has shifted with 
)me undershirt, as shown in Table 5 (a). Moreover, as shown in Table 5 (c), even if it lowers Hin, the bias point can 
e similarly made into a good value. Since the one where Hin is smaller will become [ the height dependency of the 
ias point ] small so that clearly if (c) is compared with Table 5 (a) and (b), as for Hin, decreasing as much as possible 
desirable. Although Hpin becomes [ the smaller one ] small and a height dependency becomes small, the vertical pin 
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dck difference of synthetic AF structure With the about 0.3nm difference of (a) and (b), since it is almost 
linfluential y= 0-lnm (Ms*t=0 - l.SnmT in NiFe) is desirable still more desirable, and the range of y= O-O.Snm (0 - 
9nmT in NiFe) with the bias point The improvement in a property of the cure against ESD-proof etc. is taken into 
)nsideration, and since adjustment of the value of y is possible, it is desirable. 

•162] Ground Cu ** also uses the spin-filter effect of MR with bias point adjustment, although Hcu will become 
nail if ground Cu ** is thickened, in order that deltaRs may decrease -- Cu -- thick -- 0.5-3nm is especially desirably 
jsirable 0.5nm - 5nm the optimal thickness of the Shimoji Cu ** from which, as for ground Cu ** from which the 
)in-filter effect of MR is acquired, the spin-filter effect of MR is acquired for the time when fi-ee thickness is thinner 
jpending on firee lamination is shifted to the thicker one In the result obtained experimentally, when the sum of 
round Cu ** and the thickness of a magnetic fi-ee layer is 4nm - 5nm, MR rate of change takes peak value. 
H63] In the case of fi-ee lamination as shown in (7-1), the effect of Rs reduction by the increase in MR by the spin- 
Iter effect according [ ground Cu ** ] to Cu thick increase and Cu thick increase cancels 0-1 .5nm exactly, and deltaRs 
yes not almost have change in it. 1 . deltaRs will decrease in 5 nm - 2nm, and deltaRs will decrease by 0.2'5ohms in 
)out 0.1 ohms and 1.5nm - 3nm. Since the fall of deltaRs is proportional to loss of power mostly as it is, it is not 
3sirable. however -- case it is desirable for ground Cu ** to thicken on the bias point - this fi-ee lamination ~ Ground 
u - thick ~ using 3nm is also considered At this time, the current magnetic field per unit current is small, and since 
le spin bulb membrane resistance is also falling, it can consider the technique of recovering the loss of power by the 
Jl of deltaRs by passing more current. It is because the amount of outputs is also proportional to the amount of 
irrent mostly. Since it increases 25% by setting for example, sense current to 5mA fi-om 4mA of old calculation when 
3ltaRs falls 10% by increasing ground Cu **, 10 minutes is suppliable with the part of deltaRs fall 
1164] When free thickness is thick NiFe4/CoFe0.5 (nm), ground Cu ** has desirable about 0.5-2nm, and when a free 
yer is thm NiFel/CoFe0.5nm, ground Cu ** has desirable about l-4nm. Moreover, you may change the thickness of 
iterface CoFe in 0.3-1 .5nm. Moreover, you may use Co or other Co alloys instead of CoFe. Since a soft magnetism 
mnot be reaUzed in Co simple substance when using Co instead of CoFe, it is desirable to make it as thin as possible 
U65] For example, when NiFe is 4nm, 0-lnm and NiFe are 2nm and 0-0.5nm and NiFe are Inm, 0-0.3nm of Co is 
;sirable. Moreover, when caring about interface diffusion with Ground Cu, you may insert Cu, and Co and CoFe of 
laterial [ **** /un-] also into an interface with Ground Cu. For example, free layers, such as Co0.3/NiFe2/Co 0 5 and 
oFe0.5/NiFe2/CoFe0.5, can be considered. 

)166] Moreover, you may use the alloy free layer of NiFeCo instead of making it the cascade screen of such an ultra- 
dn magnetic film. 

H 67] Moreover, in an ultra-thin free layer which is being made into the object by this invention, it also becomes 
fficult to realize a low magnetostriction. As one difficult point, the magnetostriction of NiFe is just large and a bird 
apper is mentioned, so that the thickness of NiFe becomes thin, although nickel80Fe20 (at%) is usually sufficient as 
imposition of NiFe in a free layer called NiFeB nm/CoFelnm in order to conquer it ~ the case of the free layer of 4 5 
: less nmTs of this invention - nickel80Fe20 - nickel - it is desirable to make it rich the time of NiFe thickness 
ang specifically about 4nm - nickel81Fel9 (at%) ~ nickel ~ the time of NiFe thickness being about 3nm richly ~ 
ickel81.5Fel8.5 (at%) ~ nickel ~ it is desirable to make it rich As an upper limit of nickel concentration 
ickel90Fel 0 (at%) grade is desirable. 

)168] As mentioned above, it is two big purposes the purpose of Ground Cu reducing the current magnetic field Hcu 
id realizing the good bias point also in an ultra-thin free layer, and to use the spin-filter effect without degradation of 
IR rate of change also in an ultra-thin free layer. 

)169] If it says from the point of the bias point, y and x are not independently decided by the film of the above (7-1) 
id it will be cautious of a mutual value and it will be decided that it will be it. For example, since the current magnetic 
eld Hcu which cancels it since Hpin will become small if y becomes small also has the smaller good one, the 
ptimum point shifts the value of x to the way of a larger value. 

)170] Specifically, the following thickness designs can be considered as one example. When pin layers are 2nmT(s) 
i a design in case a nonmagnetic quantity conductive layer is a Cu layer, Cu layer 0.5-1 .5nm, When pin layers are 
.5nmT(s), l-2nm and the pin layer of Cu layer are lnmT(s), 1.5-2.5nm and the pin layers of Cu layer are 0.5nmT(s) 
id 2-3nm and the pin layer of Cu layer are OnmT(s), Cu layer will be called 2.5-3.5nm. 

)171] When a pin layer is Co or CoFe here, the thickness of a pin layer is t=(Ms*t) pin/1 ST. When [nm] and a pin 
yer are NiFe(s), pin layer thickness is t=(Ms*t) pin/1 T. It will be called [nm]. 

)172] Spacer Cu may use the alloy containing Au, Ag, or these elements other than Cu etc. However, Cu is the most 
ssirable. The realizing-high MR and ground side of a free layer has [ spacer thickness ] the thinner possible desirable 
ae, m order to make the shunt layer of an opposite side as small as possible and to reduce a current magnetic field 
owever, since the ferro-magnetic coupling of a pin layer and a free layer will become strong and Hin increase will 
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rise if too not much thin, about 1.8-2.3nm is desirable still more desirably 1.5nm - 2.5nm. 
)173] Although the ground quantity conductive layer which has played the big role for the spin-filter effect and 
urrent magnetic field reduction consists of Cu(s) of a monolayer here, you may form it by the cascade screen. For a 
^in reason, in a topspin bulb film, the role of the seed layer of fee also has fee or a hep metallic material good at 
lis time as furring. Specifically, the alloy layer of the metal which consists of Au, Ag, aluminum, Zr, Ru, Rh, Re, Ir, 
t, etc., or a cascade screen can be considered, although an effect is enough acquired with simple Cu ground if it is for 
le spin-filter effect of MR, and the current magnetic field reduction effect, there is a role which is two called 
lagnetostriction control and Hin control of an ultra-thin fi-ee layer as an effect which makes furring an alloy layer and 
cascade screen purposely Specifically, the following examples can be considered. 

)174] Ta5 / Rul/Cul.5 / NiFe2/CoFe0.5 / Cu2/CoFe2.5 / Ru0.9/CoFe2 / IrMn7A^a5 (7-2) By using Rulnm as a 
round, membranous flat nature can improve and Ms*t of a free layer can realize low Hin of about 10 Oes easily by 
3acer 2nm in spite of NiFe conversion 2.9nmT and an ultra-thin fi-ee layer. Realization of low Hin is desirable at the 
oint as for which MR height dependency of the bias point becomes empty of being lost. Moreover, even if it does not 
ive the thickness difference of the vertical pin layer of synthetic AF in vain, it is desirable also at the point that the 
ood bias point is realizable. Although the thickness of Ru set to Inm here, Inm - about 3nm is desirable still more 
esirably 0.5nm - 5nm. The thickness with desirable material other than Ru does not change so much. 
)175] By the film of (7-2), when calculating Hcu, it becomes addition of the electric shunt layer of the thickness of Ru 
nd the thickness of Cu. the case of Ru - the ratio of BOmicroomegacm and Cu ~ in the viewpoint of eye an about 3 
me hatchet of specific resistance, and Hcu, the film of (7-2) will say that it is equivalent to a 1 .8nm film by Cu thick 
inversion However, in the viewpoint of MR, resistance is high in Ru, and most spin-filter effects are not acquired in 
mching NiFe direct and setting Ru to it, since the electronic mean free path is short. Therefore, as a layer which 
mches a free layer, Cu, Au, Ag, etc. of low resistance are desirable as much as possible, and material, such as Ru, is 
jasons with desirable making it a bilayer through Cu, Au, Ag, etc. This is one reason purposely made into a bilayer 
round. 

)176] Moreover, although buffer layers Ta and Ru were divided and considered here, if Ru layer also demonstrates 
le effect as a buffer layer, there may not be a Ta layer. For example, it is also possible to lose Ta when using Zr layer 
)r a change of Ru. 

)177] When using a buffer layer, Ti, Zr, W, Cu, Hf, Mo, or these alloys can be used other than Ta. Even if it uses 
^hich such material, 2nm - about 5nm of thickness is desirable still more preferably Inm - 7nm. 
)178] Although IrMn (Ir:5 - 40at%) was used as an AF film here, as thickness of IrMn, 3nm - about 13nm is 
esirable. Since the noble metals which fit the narrow gap head towards densification since a pin property also with 
lin thickness good as a merit using IrMn is realizable are included, the feature that high MR rate of change is 
laintainable is after heat treatment. By the film used for the antiferromagnetism film, FeMn as shown in the example 2 
f comparison is unmaintainable, after heat-treating high MR rate of change. This is a phenomenon which appears 
otably, when using an ultra-thin free layer like this invention. 

)179] Moreover, although CrMn, NiMn, and NiO may be used as an antiferromagnetism film, for high MR rate-of- 
hange realization, AF containing a noble-metals element is desirable. For example, you may use Pd, Rh, etc. instead 
fir. Since MR rate of change improves compared with FeMn, NiMn, etc., high MR rate of change is maintained also 
fter annealing heat treatment indispensable to a head. Moreover, it is also one of the desirable examples to use PtMn 
ath the still higher concentration of a noble-metals element. 
)180] 

'a5/Cux/NiFe2/CoFe0.5/Cu2/CoFe2.5/Ru0.9/CoFe2/PtMnl O/TaS (7-3) 
a5/Rux/Cuy/NiFe2/CoFe0.5/Cu2/CoFe2.5/Ru0.9/CoFe2/PtMnl0/Ta5(7-4) 

lS a merit using PtMn (Pt:40 - 65at%), since noble-metals concentration is still higher than IrMn, there can be still less 
IR degradation by process annealing, high MR rate of change can be realized, deltaRs can be enlarged, and it is 
lentioned that high power is obtained. In the spin bulb film of the ultra-thin free layer which the good thermal 
jsistance of MR cannot realize easily, MR thermal resistance has the best combination of composition with the ground 
;u by the spin-filter effect etc., and PtMn. You may use PdMn and PdPtMn instead of PtMn (noble-metals 
oncentration : 40 - 65at%). 

)181] When it says from a viewpoint of MR thermal resistance, a certain thing of ground Cu ** is desirable Inm or 
lore. It is because the thermal resistance of MR will become bad if it is the thickness not more than it. However, at a 
ertain time, the thickness of NiFe can secure 4nm or more of thermal resistance of MR, if there is 0.5nm or more of 
round Cu**. 

31 82] Since PtMn is large at the value as IrMn also with the almost same value of electric specific resistance, the 
ontribution to a cunrent magnetic field is small desirable. Thus, the film of (7-3) and (7-4) is a film which was very 
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cellent practically. 

1 83] However, since it is thicker than the case where the critical thickness out of which the 1 direction anisotropy 
jld comes as a demerit of PtMn is IrMn, it is mentioned that it is difficult to make it thin to about 5nm. Therefore, 
tien PtMn is used, as thickness of PtMn, 5nm - 30nm is desirable. 7nm - about 12nm is desirable still more desirably. 
Iso in PtMn, the view over bilayer-izing of the ground of a free layer as shown in (7-4) is completely the same. 
1 84] (7-1) As a variation of the example of - (7-4), it is possible to carry out the laminating of the noble-metals 
ement film fiirther on an antiferromagnetism film. For example, you may use a monolayer or cascade screens, such as 
a, Ru, Pt, Au, Ag, Re, Rh, and Pd. Low Hin is realizable also in ttie time of thin spacer thickness with this 
►mposition. However, if thickness becomes thick not much, since a current diverging ratio will increase in the upper 
yer side of a fi"ee layer, as total thickness of a monolayer or a cascade screen, 0.5nm - about 3nm is desirable. 
■1 85] As mentioned above about drawing 15 , compared with the examples 1-4 of comparison, the spin bulb film of 
is example is far excellent in the controllability of the bias point, and can obtain the optimal bias point certainly. 
1 86] Moreover, as mentioned above about drawing M , the spin bulb film of this example can obtain high MR rate of 
lange compared with the examples 1-4 of comparison, 
•xample 2) Top SFSV (simple CoFe fi-ee layer) 
i5/Cux/CoFe2/Cu2/CoFe2.5/Ru0.9/CoFe2/IrMn7/Ta5 (8- 1 ) 
a5/Cux/CoFe2/Cu2/CoFe2.5/Ru0.9/CoFe2/PtMnl 0/Ta5 (8-2) 

I this example, the simple fi-ee lamination which consists of a CoFe monolayer instead of a laminating fi-ee layer like 
iFe/Co like (an example 1) or NiFe/CoFe as a fi*ee layer was used. That is, in dmwing 1 , it is the structure where the. 
ee layer 102 consists of CoFe of a monolayer, and the high conductive layer 101 consists of a monolayer Cu. 
H 87] Although various difficult points arise in order to realize an ultra-thin fi-ee layer which realizes (5nmT in NiFe), 
. the CoFe system fi-ee layer which consists of a monolayer, there is a merit of being comparatively easy, fi-om soft- 
agnetism control in an ultra-thin region being [ film composition ] a monolayer. You may add a thing like B, Cu, 
uminum, Rh, Pd, Ag, Ir, Au, Pt, Ru, Re, and Os as the 3rd alloying element to CoFe. However, by pure Co, a soft 
agnetism is unrealizable instead of a CoFe alloy. Co85Fel5at% - Co96Fe4at% of CoFe is desirable. This is depended 
om a viewpoint of magnetostriction control so that it may state later. 

)1 88] Moreover, as for a CoFe fi-ee layer, it is desirable to carry out fee (1 1 1) orientation fi-om a viewpoint of a soft 
lagnetism. Although fee (1 1 1) orientation is carried out and things are desirable so that resistance may become small 
so fi-om the point of acquiring the spin-filter effect effectively, the example of the firee layer of microcrystal structure 
ke CoFeB or amorphous structure is also considered. 

)189] Since Ms can be realized by thickness thin also for realizing the same Ms*t fi-om it being larger than NiFe, a 
mple CoFe fi-ee layer becomes advantageous also fi-om a viewpoint of the spin- filter effect. For example, to total 
lickness becoming about 4nm by NiFe/CoFe NiFe3.6/CoFe0.5 (nm), for realizing the fi-ee layer of 4.5nmT(s), in a 
mple CoFe fi-ee layer, it is CoFe2.5nm and about 1 .5nm is thinly made rather than NiFe/CoFe. If a high conductive 
lyer is prepared in these both film in contact with the bottom of a fi-ee layer, although filter out of both film is carried 
ut since it is thick compared with about Inm which is the value of the mean fi*ee path of down spin, a down spin 
lectron Since it will become the mean fi-ee path of rise spin, and a near value if it becomes about 4nm of total 
lickness of NiFe/CoFe, the high conductive layer under it will bring about a simple shunt effect, and the more it 
lickens a high conductive layer, the more MR will reduce it under the influence of a shunt effect. 
)190] On the other hand, about simple CoFe, since the mean fi-ee path is longer than 2.5nm, the mean free path of rise 
pin becomes long, so that a certain amount of thickness attaches a high conductive layer, and MR goes up. When Cu 
; experientially used for a high conductive layer and the total thickness of the free layer which consists of Cu layer, 
FiFe/CoFe, or a CoFe layer is about 4nm or 3nm - 5nm, taking MR peak is acquired experimentally. That is, by CoFe, 
Ithough reduction in MR is brought about rather than the spin-filter effect in NiFe/CoFe for a shunt effect when there 
; required high conductive-layer thickness on a bias point design, since coexistence of the MR elevation effect can be 
imed at with bias point adjustment, it becomes advantageous according to the spin-filter effect. The thickness of Cu 
lyer which takes MR peak becomes a bird clapper thickly, and the combination effect of the spin-filter effect and the 
ias point adjustment effect comes out of this, so that CoFe thickness is thin as mentioned above, since MR peak value 
5 decided by total thickness of a high conductive layer and a free layer. The simple CoFe free layer is more desirable 
y the spin-filter spin bulb by the above reason. 

3191] Since laminating NiFe/CoFe of MR thermal resistance is worse, since the simple CoFe free layer is larger, MR's 
s good. 

0192] The monolayer of CoFe is easier for control than NiFe/CoFe whose magnetostriction control is also the cascade 
creen of an ultra-thin layer. Especially, NiFe/CoFe whose one interface increases in an ultra-thin free layer since the 
iterface magnetostriction is important is more disadvantageous. 
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193] The bias point in the composition of (8-1) as well as [ almost ] the case of an example 1 becomes within 30 - 
)% of good limits. It is small like [ a height dependency ] an example 1 . 

194] Since the saturation magnetic field Hs on a transfer curve becomes small about the Ms*t dependency of a free 
yer so that Ms*t is small, stricter bias point adjustment is required. Since it becomes important to specifically reduce 
current magnetic field more, the need of making the thickness of a high conductive layer increasing comes out. By 
e spin bulb film by this invention, in order that the thickness of a high conductive layer in which MR peak appears 
cording to the spin-filter effect may shift to the thicker one so that the thickness of a fi'ee layer becomes thin, as 
ready stated, it turns out that the trend is in agreement and the design concept of the spin bulb film of this invention 
its ** as a film of the head for high-density. 

195] At the time of fi-ee layer Ms*t-4.5nmT and 2.5nm of CoFe thickness, the good thickness of a high conductive 
yer by Cu conversion specifically 0.5nm - 4nm, At the time of Inm - 3nm, Ms*t-3.6nmT, and 2nm of CoFe 
ickness, they are Cu film conversion still more desirably. Inm - 4.5nm is Cu film conversion still more desirably at 
e time of 1.5-3.5nm, Ms*t-2.7nmT, and 1.5nm of CoFe thickness. Still more desirably, at the time of 2nm - 4.5nm, 
:s*t-1.8nmT, and Inm of CoFe thickness, it is Cu film conversion and 1.5nm - 2nm - 5.5nm 5nm is set to 2.5nm - 
lOUt 5nm still more desirably. 

'196] By (8-2), PtMn is used to using IrMn as an antiferromagnetism film in (8-1). By using PtMn, MR thermal 
sistance improves further and the merit that improvement in an output can be aimed at is obtained. This is the same 
: that of the time of a NiFe/Co(Fe) free layer. However, since there is a trouble that Hin tends to go up [ the way when 
dng PtMn ], in order to design the bias point at a good place, the cure of whether the current magnetic field Hcu is 
duced, or either or both Hpin increase is more nearly required than the time of using IrMn. [ both ] In order to reduce 
cu, sigmat of a high conductive layer is made to increase, that is, it can consider making the thickness of a high 
)nductive layer increase. Moreover, in order to make Hpin increase, it is possible to make the pin layer membrane 
ick difference of the upper and lower sides of synthetic AF slightly larger than the time of IrMn. However, since it 
so becomes causing the fall of deltaRs, adjustment in the range of about 0-2nm is more desirable [ making the 
ickness of a high conductive layer increase ] than the time of IrMn at Cu conversion in high conductive-layer 
ickness. Moreover, since it becomes also making MR height dependency of the bias point increase as stated so far, as 
>r making deltat of synthetic AF structure increase, it is desirable to design by the increase in about 0-lnm by CoFe 
mversion compared with the time of IrMn desirably [ enlarging not much ]. The following composition is also 
)nsidered as a variation of (8-1) and (8-2). Ta5/Rux/Cuy/CoFe2/Cu2/CoFe2.5/Ru0.9/CoFe2/IrMn7/Ta5 Ta(8-3) 
'Rux/Cuy/CoFe2/Cu2/CoFe2.5/Ru0.9/CoFe2/PtMnl0/Ta5 In this (8-4) composition, it constituted fi-om a cascade 
a-een called Ru/Cu instead of Cu monolayer as a high conductive layer. The reason made into a cascade screen is 
ised on the following two reasons. 

1197] 1. About CoFe magnetostriction control of CoFe magnetostriction control 2.Hin reduction effect above- 
lentioned L, it is going to control a magnetostriction by strain control of CoFe to explain in full detail behind. That is, 
hen a simple Cu twist also extends the fcc-d (111) spacing of CoFe and a Co90FelO (atmic%) free layer is used, it is 
Ding to control near the zero the magnetostriction of the CoFe fi-ee layer which is easy to become large at a negative 
de. Therefore, as a material located under Cu layer, what has a larger atomic radius than Cu is desirable. For example, 
e, Au, Ag, aluminum, Pt, Rh, Ir, or Pd is [ other than Ru ] desirable. It is possible also by changing the CoFe 
imposition other than the formation of a ground bilayer from 90-10 in a meaning called magnetostriction control, 
pecifically, the CoFe alloy free layer of the composition range of Co90FelO-Co96Fe4 is used. It is because the effect 
f raising the flat nature at the time of film growth is in Ru about the Hin reduction effect of above-mentioned 2. on the 
ther hand. As already stated, Hin is because it is desirable to carry out a bias point design by Hcu and Hpin in the 
nallest possible place, especially, in SFSV, the thinner one is desirable as it cuts with the point which is two called 
lunt reduction of the spin-filter effect of MR, and the upper layer of a free layer gaily [ spacer thick ], and since the 
jchnology of mastering the ultra-thin spacer which is about Cu-2nm is required, generally the Hin control with a big 
Dacer thick dependency becomes difficult By making it a Ru/Cu cascade screen, it can be called Rul .5 nm/Culnm - 
nm ground, free layer Ms*t3.6nmT, an ultra-thin fi'ee layer called 2nm of CoFe thickness, and spacer Cu2nm, and low 
[in called 7-1 30e can be realized as Hin. When it takes into consideration that Hin was about 20 Oes in the example 
f (7-1) and (7-2), this Hin reduction effect is large. 

)198] What is necessary is just to only convert into sigmat and Cu thickness fi*om the specific resistance of Ru, when 
sees fi-om a viewpoint of Hcu calculation. Since the specific resistance of Ru which was able to be found 
xperimentally is 30microomegacm, as a shunt effect of sigmat, it will be made Cu thickness of specific resistance 
Omicroomegacm, and will be called one third of thickness. For example, with composition called Rul .5 nm/Culnm, it 
all be said with Cu thickness reduced property of a shunt that it is equivalent to (1 .5nm/3)+lnm=l .5nm. 
3199] Moreover (8-1), as a variation of the example of - (8-4), it is possible to carry out the laminating of the noble- 
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etals element film further on an antiferromagnetism film. For example, you may use a monolayer or cascade screens, 
ich as Cu, Ru, Pt, Au, Ag, Re, Rh, and Pd. Low Hin is realizable also in the time of thin spacer thickness with this 
)mposition. However, if thickness becomes thick not much, since a current diverging ratio will increase in the upper 
yer side of a free layer, as total thickness of a monolayer or a cascade screen, 0.5nm - about 3nm is desirable 
example 3) Bottom SFSV (NiFe/Co(Fe) free layer) 
a5/Ru2/PtMnl0/CoFe2/Ru0.9/CoFe2.5/Cu2/Co0.5/NiFe2/Cu2/Ta5 (9-1) 
a5/Rul/NiFeCr2/IrMn7/CoFe2/Ru0.9/CoFe2.5/Cu2/Co0.5/NiFe2/Cu2/Ta5(9-2) 

n antiferromagnetism film shows the so-called bottom type located in a lower layer side rather than a free layer of 
cample. Drawing 6 is a conceptual diagram showing the spin bulb film composition concerning this example. That is, 
.1 the ground buffer layer 131, the laminating of the antiferromagnetism film crystal control layer 128 and the 
itiferromagnetism film 127 was carried out, and the pin layers 126 and 124 have joined together in 
itiferromagnetism through a layer 125. On the layer 124, the laminating of the spacer layer 123, the free layer 122, 
id the nonmagnetic quantity conductive layer 121 is carried out one by one, and, finally the cap layer 132 is formed. 
1200] The antiferromagnetism film crystal control layer 128 consists of a monolayer Ru, and the antiferromagnetism 
Im of 127 of the example of (9-1) is the case where PtMn and the free layer 122 are formed from the cascade screen 
F the bilayer of 129 and 130. The antiferromagnetism film crystal control layer 128 is formed from the bilayer film of 
iFeCr as Ru and a film of 134 as a film of 133, and the antiferromagnetism film of 127 of the example of (9-2) is an 
cample when IrMn and a free layer are formed from 129 and the two-layer film of 130. 
)201] In a bottom type spin bulb film, Inm - about 5nm of ground films of fee or hep is fiirther used as an 
Itiferromagnetism film crystal control layer on buffer layers, such as Ta. For example, Cu, Au, Ru, Pt, Rh, Ag, nickel, 
iFe, those alloy films, a cascade screen, etc. are used. These seed (seed) layers are important films in orda- to raise 
le function as an antiferromagnetism film. In the example of PtMn of (9-1), the cascade screen of Ru/NiFeCr was 
jed for Ru layer of a monolayer in the example of IrMn of (9-2). Making blocking temperature of an 
itiferromagnetism film into a sufficiently high value and film flattening are urged to this antiferromagnetism film 
ystal control layer, and even when the 1 .5nm - about 2.5nm ultra-thin spacer needed by this invention is used, it has 
te work which realizes low Hin. 

»202] In respect of the bias point merit by this invention, it is not influenced [ big ] according to the kind of this seed 
yer in the range of the thickness about [ above-mentioned ] an example. However, it is not desirable to use low 
ectrical resistance materials, i.e., a small material of specific resistance. This is because it will become difficult to 
ring a current center close to a free layer if a shunt diverging layer increases here. Therefore, it is desirable to use the 
laterial of high resistance as much as possible in the range of the material which has a fimction as an 
itiferromagnetism film raised. For example, instead of NiFe of low resistance, Cr, Nb, Hf, W, Ta, etc. are added to 
iFe, and the example which raises and uses specific resistance can be considered. In (9-2), NiFeCr is used instead of 
iFe. 

1203] As an antiferromagnetism film, PtMn is used in (9-1) and IrMn is used by (9-2). As a merit using PtMn, that 
[ocking temperature is an elevated temperature, Hu.a.'s being large, and MR heat deterioration after process heat 
eatment are very small, and it is mentioned that high MR and quantity deltaRs are realizable. When an ultra-thin free 
yer is used Hke the time of a top type, the merit using PtMn which is the antiferromagnetism film which contains 
Dble metals from the point that high MR is maintainable after process heat treatment is very large. You may use 
dPtMn instead of PtMn. As a desirable thickness range, 5nm - 30nm 7nm - 12nm is good still more preferably. 
)204] As a merit using IrMn of (9-2), since a property comes out in a thin film field rather than PtMn, the point of 
3ing suitable for the narrow gap head corresponding to densification can be mentioned. As thickness of IrMn, 3nm - 
3nm is desirable. Since it is the antiferromagnetism film with which IrMn also contains the noble-metals element Ir, it 
icels in the thermal resistance of MR rate of change. You may use RuRhMn which contains a noble-metals element 
milarly instead of IrMn. 

)205] As mentioned above, as an antiferromagnetism film, although PtMn, IrMn, and PdPtMn are the most desirable, 
I respect of the bias point merit of the spin bulb film of this invention, it is not limited by antiferromagnetism film 
material and the antiferromagnetism film of others of NiO, CrMnPt, NiMn, and alpha-Fe 203 grade may be used. 
)206] As a ferromagnetic material of the bilayer of a synthetic pin layer, although the CoFe alloy layer was used here, 
DU may use the cascade screen of Co, NiFe or NiFe, and Co or CoFe. Views, such as such components, thickness, 
c., are completely the same as that of the top type case of the examples 1 and 2 mentioned above. The composition of 
lis synthetic pin layer that is the important point of this invention is the purpose with biggest reducing a pin disclosure 
lagnetic field as mentioned above, and the Ms*t difference of this vertical ferromagnetism layer is closely connected 
ith the thickness of a high conductive layer prepared in contact with a free layer, and is changed. 
)207] The time of a top type and a view do not change about a spacer, either, but the thinner possible one is desirable. 



Page 23 of 45 



pecifically, 1.5nm - about 2.5nm is desirable still more desirable, and 1.8nm - 2.3nin is desirable. 
)208] As a free layer, the cascade screen of NiFe/Co is used in the example here. The thickness of this free layer and 
le view of material are the same as that of the time of a top type almost. However, in the case where the ground films 
f NiFe are a top type and a bottom type, since it differs, when composition of NiFe for low magnetostriction 
jalization is a top type, it differs a little. Specifically, in the case of a NiFe/CoFe laminating free layer, since it is 
nailer than the time of the shift by the side of positive [ of the magnetostriction of the NiFe/CoFe laminating free 
tyer accompanying the reduction in the thickness of NiFe ] being a top type, the thing of nickel PUA can also realize 
le optimal magnetostriction as composition of NiFe rather than the time of a top type. 

)209] For example, in the case of a NiFe3 nm/CoFe0.5nm laminating free layer, by the top type, it becomes a still 
irge value to a positive side by nickel81Fel9 (at%) as composition of NiFe, and although it is unusable, by the bottom 
pe, it becomes a positive small magnetostriction value by nickel81Fel9 (at%), and becomes the film which is 
itisfactory practically. 

)210] Cu film is used here as a high conductive layer which is the 2nd of the big points of this invention. This biggest 
)le of a high conductive layer is bringing a current pin center,large close to a free layer as much as possible, and 
ducing a current magnetic field. 

)21 1] in spite of using the well which also uses the spin-filter effect of MR by Cu conductive layer as still more nearly 
lother effect, and the ultra-thin free layer, there is no degradation of MR rate of change 

)212] The range of optimal Cu thickness is the same as that of the time of Top SFSV, and it is the same as that of the 
me of a top type that an optimum value shifts delicately according to the pin layer membrane thick difference of the 
pper and lower sides of free thickness and synthetic AF. Moreover, it is in low Hin in an ultra-thin free layer being 
jalizable as another big effects other than bias point adjustment of Cu cap layer, and high MR rate-of-change 
taintenance. For example, when there is no Cu cap at the same free thickness, and a thing with 30 or more Oe(s) of 
in(s) uses Cu cap, it can decrease up to about 10 Oe(s). 

)213] the high conductive layer of the high conductive layer Cu which touched the free layer CoFe as a variation of 

and (9-2) here which becomes replacing from the cascade screen more than a bilayer — composition — the bottom 
also good For example, Cu/Ru, Cu/Re, Cu/Rh, Cu/Pt, etc. are mentioned, since the magnetostriction of a CoFe free 
yer is influenced by distortion as an effect made into a bilayer as described at the time of a top type, it is the main 
arposes to adjust magnetostriction lambdas Moreover, although it is important in this invention to realize low Hin, it 
ay be made two-layer also for the low Hin control purpose. 
»214] The following can be considered as concrete film composition. 
1215] 

a5/RuyPtMnlO/CoFe2/Ru0.9/CoFe2.5/Cu2/Co0.5/NiFe2/Cul.5/Rul,5/Ta5 (9-3) 
a5/Ru/NiFeCr/IrMn7/CoFe2/Ru0.9/CoFe2.5/Cu2/Co0.5/NiFe2/Cul .5/Rul .5/Ta5(9-4) 
I the above-mentioned film composition, to specific resistance lOmicroomegacm of Cu thin film, since Ru is 
)microomegacm, as an electric shunt effect, Ru3nm will bring about an equivalent effect to Culnm. That is, in the 
)Ove (9-3) and the film of (9-4), the thickness of a high conductive layer will say that it is equivalent to 2nm by Cu 
)nversion. Since it is used in the range to 0.5nm - 3nm in the case of Cu monolayer, Ru is similarly used in 0,5nm - 
im. However, as a high conductive layer which touches CoFe, since it is not desirable from the point of a narrow gap 
make Ru not much thick, after using 0.5nm - about 2nm of Cu thickness using Cu etc. by carrying out in contact 
ith CoFe, it is desirable [ the Cu is more desirable, and ], since [ that specific resistance is also high in Ru ] the spin- 
Iter effect is weaker than the case of Cu to use other two-layer metallic materials, 
txample 4) Bottom SFSV (CoFe free layer) 

a5/Ru2/PtMnlO/CoFe2/Ru0.9/CoFe2.5/Cu2/CoFe2/Cu2/Ta5 (10-1) 

a5/Rul/NiFeCr2/IrMn7/CoFe2/Ru0.9/CoFe2.5/Cu2/CoFe2/Cu2/Ta5 (10-2) this example It is the thing of the type 
ith which it belongs to the bottom type illustrated to drawing 2 , and the CoFe layer of a monolayer is used instead of 
e free layer 122. Except it, it is the same as that of the example 3 mentioned above. The material of layers other than 
free layer and the view of thickness are completely the same as that of an example 3. The merit using a CoFe free 
yer is the same as that of the time of a top type. In this example, Ms*t by NiFe conversion at the time of 3,6nmT(s) 
irthermore, but As opposed to the spin-filter effect being thinly acquired by 2.5nm of thickness, if it is a CoFe 
onolayer free layer when Ms*t-4.5nmT compares If it is NiFe/Co (Fe), NiFe4/Co0.5 (nm) and the total thickness will 
xome thick, and the spin-filter effect of MR by preparing a high conductive layer is not acquired. A simple shunt 
yer and a bird clapper. And the shunt effect of the NiFe itself also decreases 0 to 30% by deltaRs from a certain thing 
i compared with a CoFe monolayer free layer. 

»216] this example which is an example of a CoFe free layer also from the spin-filter effect of Ms*t being acquired 
om ttie above thing in the latus range of Ms*t is more desirable than the case of an example 3. 
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)2 1 7] the high conductive layer of the high conductive layer Cu which touched the free layer CoFe as a variation of 
10-1) and (10-2) here which becomes replacing from the cascade screen more than a bilayer ~ composition - the 
ottom is also good For example, Cu/Ru, Cu/Re, Cu/Rh, etc. are mentioned, since the magnetostriction of a CoFe free 
lyer is influenced by distortion like previous statement as an effect made into a bilayer, it is the main purposes to 
ljust magnetostriction lambdas Moreover, although it is important in this invention to realize low Hin, it may be made 
vo-layer also for the low Hin control purpose. The following can be considered as concrete fihn composition 
a5/NiFe/PtMnlO/CoFe2/Ru0.9/CoFe2.5/Cu2/CoFe2/Cul.5/Rul.5/Ta5(10-3) 
a5/NiFe/IrMn7/CoFe2/Ru0.9/CoFe2.5/Cu2/CoFe2/Cul .5/Rul .5/Ta5 ( 1 0-4) 

here is also magnetostriction control by changing composition of CoFe in addition to the method of controlling the 
lagnetostriction of CoFe by the above cascade-screen nonmagnetic quantity conductive layers. Although the way of a 
roimd film generally tends to do the distorted adjustment which joins a free layer, it is because it becomes difficult to 
loose the material in the free layer bottom freely by the bottom type. If the laminating of the CoFe will be carried out 
Q Cu at the time of a bottom type and Co90FelO (at%) is then used, it will be easy to become the big magnetostriction 
fa negative side, in order to shift it to a positive side - Co - it is desirable to use rich CoFe Specifically, it is 
o90FelO-. It is desirable to use the CoFe free layer of Co96Fe4 (at%). however, Co ~ if it is made rich and a hep 
hase is intermingled, since the soft magnetism of a free layer will deteriorate (He increases), it is not desirable to use a 
oFc alloy like Co98Fe2 over which it passes richly [ Co ] 

)218] In the above-mentioned film composition, to specific resistance 1 Omicroomegacm of Cu thin film, since Ru is 
Omicroomegacm, as an electric shunt effect, Ru3nm will bring about an equivalent effect to Culnm. That is, in the 
DOve (10-3) and the film of (10-4), the thickness of a high conductive layer will say that it is equivalent to 2nm by Cu 
anversion. Since it is used in the range to 0.5nm - 3nm in the case of Cu monolayer, Ru is similarly used in O.Snm - 
tun. However, as a high conductive layer which touches CoFe, since it is not desirable from the point of a narrow gap 
» make Ru not much thick, after using O.Snm - about Inm of Cu thickness using Cu etc. by carrying out in contact 
ith CoFe, it is desirable [ the Cu is more desirable, and ], since [ that specific resistance is also high in Ru ] the spin- 
Iter effect is weaker than the of Cu to use other two-layer metallic materials. 

rhe 2- gestalt : improvement in high temperature oxidation stability and a reproduction output of the 6th operation) 
l ext, the gestalt of the 2nd - the 6th operation of this invention seen from a viewpoint of improvement in high 
mperature oxidation stability and a reproduction output is explained. 

)219] First, it outlines about technical thought common to the gestah of the 2nd - the 6th operation. 
)220] Drawing 17 is drawing showing the gestalt of the 1 operation of the gestalten of the 2nd - the 6th operation of 
lis invention. In drawing 17 , the lower shield 1 1 and the lower gap film 12 are formed in a substrate 10, and the spin 
ulb element 13 is formed on it. A spin bulb element consists of a spin bulb film 14, a vertical bias film 15 of a couple, 
id an electrode 16 of a couple, and the nonmagnetic ground layers 141 and 142, the antiferromagnetism layer 143, the 
lagnetization fixing layer 144, the interlayer 145, the magnetization free layer 146, and the protective coat 147 are 
)rmed further. 

)221] Resistance rate-of-change deltaR/R of the material composition and thickness of an antiferromagnetism layer 
Wch are combined with the ferromagnetic layer of SyAF at the time of using SyAF of the gestalt of operation of this 
ivention for a magnetization fixing layer, the switched connection constant J in 200 degrees C and exchange bias 
lagnetic field HUA* and HUA, the blocking temperature Tb, and a spin bulb element is shown in Table 6. Moreover, 
le same table at the time of using the magnetization fixing layer of the conventional monolayer as a magnetization 
xing layer is shown in Table 7. Moreover, the relation between the switched connection constant J of rocking curve 
alf-value-width deltatheta of the diffraction line peak from the maximum **** of the antiferromagnetism layer 
Dmbined with SyAF and the antiferromagnetism layer side ferromagnetism layer of SyAF in 200 degrees C and the 
locking temperature Tb is shown in Table 8. 
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s invention person constitutes the magnetization fixing layer combined with 1 antiferromagnetism layer by SyAF, as 
own in Table 6 and 8. They are 0.02 erg/cm2 as a switched connection constant J in the temperature of 200 degrees 
if composition of an antiferromagnetism layer is chosen. The above can be obtained, 2) when carrying out 
ientation of the maximum **** so that the rocking curve half-value width of the maximum **** peak of an 
tiferromagnetism layer may become small, and making it 8 degrees or less of rocking curve half- value width become 
degrees or less still more preferably preferably That the switched connection constant J in the temperature of 200 
igrees C can be raised, and by setting more preferably 20nm or less of magnetic thickness of 3 antiferromagnetism 
/ers to lOnm or less It is the switched connection constant J in that it can raise more than equivalent with the 
sistance rate of change of the spin bulb element which constituted resistance rate of change using the magnetization 
cing layer of a monolayer, and 4 temperature of 200 degrees C 0.02 erg/cm2 By carrying out above It sets in 
mperature of 200 degrees C, and is exchange bias magnetic field HUA*. It could be made 200 or more Oes, and even 
the maximum magnetic fields which join the spin bulb element of a reproduction element fi-om a record medium etc. 
ere 200Oe(s), it finds out that a stable magnetization fixing layer is obtained, and came to make this invention. 
225] Drawing 1 8 is [ the change of the resistance of a spin bulb film to an external magnetic field, and ] exchange 
as magnetic field HUA*. It is the shown ** type view. It is exchange bias magnetic field HAU* at drawing 18 . It is 
jfined as the value of the magnetic field which calculated the maximum of the magnetic field by which magnetization 
•a magnetization fixing layer does not move substantially as an intersection of the extension wire of the bay by the 
de of a low magnetic field, and the extension wire of the bay of a high magnetic field, exchange bias magnetic field 
UA* ******- in resistance-magnetic influence when the magnetization fixing layer which has 200 or more Oes 
Ids an external magnetic field in the magnetization fixing direction, resistance change magnetization hardly moved in 
e magnetic field range to 200Oe, and only the magnetization fi*ee layer carried out [ change ] the magnetization 
sponse is obtained 

1226] After the magnetic field which is the operating point as a magnetic field sensor is accepted near the zero on the 
irve only the steep resistance change accompanying the magnetization response of a magnetization fi-ee layer 
tdicates resistance-magnetic influence to be, and change of resistance is not accepted to the external magnetic field to 
DOOe other than the magnetization response of this magnetization fi-ee layer but a magnetization free layer is saturated 
ith drawing 18 , it is shown that there is no substantial response to a magnetic field. 

)227] When a conventional NiO antiferromagnetism layer and a conventional FeMnCr antiferromagnetism layer are 
5ed, in 200 degrees C, J is hardly obtained. Moreover, since resistance rate of change becomes lower than the 
lagnetization fixing layer of the conventional monolayer when the CrMnPt antiferromagnetism layer of 30nm ** is 
sed, it is not desirable. 

)228] In the magnetization fixing layer of the conventional monolayer, although high HUA is obtained by 20nm thick 
ot less when PtMn is used as shown in Table 7, the resistance rate of change in that case indicates a low value 
Dmparatively to be 6.4 - 6.7%. 

)229] On the other hand, it is HUA* at 200 degrees C by using an antiferromagnetism layer with a thickness [, such as 
Mn, RhMn, RhRuMn, PtMn, NiMn, and CrMnPt, ] of 20nm or less according to the gestalt of operation of this 
ivention shown in Table 6. The outstanding thermal resistance of 200 or more Oes is satisfied, and, moreover, 
jsistance rate of change's being equivalent to the case the magnetization fixing layer of the conventional monolayer 
eing used, or the value beyond it is acquired. In addition, in this invention, the minimum of antiferromagnetism layer 
lickness is 3nm or more preferably. 

3230] Drawing 1 9 is HUA*. The relation between elapsed time when the spin bulb film of the operation gestalt of this 
ivention of 200Oe(s) and the conventional HUA give the simulation bias magnetic field of 200Oe(s) at 200 degrees C 
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•out the spin bulb film of the monolayer magnetization fixing layer of 500Oe(s), and the angle by which 
agnetization of a magnetization fixing layer moved is shown. The spin bulb film of the operation gestalt of this 
vention is HUA* in 200 degrees C [ as shown in draMng. 1 9 / the spin bulb film of the conventional monolayer 
agnetization fixing layer ]. In spite of being small compared with 200Oe(s), and HUA of a monolayer magnetization 
cing layer and 510Oe, it turns out that aging of the fixing magnetization in 200 degrees C is slight, and it excels in 
ibility. 

231] moreover, Mn, such as IrMn, RhMn, and RhRuMn, - in antiferromagnetism thickness lOnm or less, large 
sistance rate of change is obtained and it is still more desirable than the case where the magnetization fixing layer of 
e conventional monolayer is used so that it may see, when a rich gamma-Mn system antiferromagnetic substance 
jn is used 

232] Moreover, in the form of operation of this invention of Table 6, the antiferromagnetism layer of the range 
hose Tb is 240-300 degrees C shows the thermal resistance of good fixing magnetization. Therefore, since the 
agnetization direction of a magnetization fixing layer is fi-eely controllable by the external magnetic field by adding 
e big magnetic field exceeding the joint magnetic field of a magnetic coupling layer near the Tb, and saturating the 
rromagnetic layer A and the ferromagnetic layer B in this direction, the magnetization fixing processing of diffusion 
jtween a magnetic coupling layer, and the ferromagnetic layer A and the ferromagnetic layer B at 300 degrees C or 
ss which seldom poses a problem is attained. 

►233] In order to prevent the influence of diffusion between a magnetic coupling layer, and the ferromagnetic layer A 
id the ferromagnetic layer B, or diffusion, it is desirable that thickness exceeds 0.8nm as a magnetic coupling layer, 
id it is desirable to use Ru, Rh, Cr, Ir, etc. Moreover, it is effective in the ferromagnetic layer A and the ferromagnetic 
yer B to use Co alloys, such as CoFe, and equivalent [ to the thickness of a magnetic coupling layer ] or to hold down 
e irregularity of a magnetic coupling layer to less than [ it ]. 

1234] furthermore, in the magnetization direction convention heat treatment of a magnetization fixing layer Since it is 
xessary to saturate the ferromagnetic layer A and the ferromagnetic layer B in this direction, if the thickness of the 
■rromagnetic layer A and the ferromagnetic layer B becomes thin to about 2nm When magnetic coupling thickness is 
8nm or less, the antiferromagnetism-joint magnetic field of a magnetic coupling layer will increase more than about 7 
De(s) or it, and the magnetization direction convention heat treatment of a magnetization fixing layer will become 
fficult by the practical external magnetic field. For this reason, the magnetization direction convention heat treatment 
Fa magnetization fixing layer is possible for magnetic coupling thickness, and it is desirable at an external magnetic 
eld with more practical making it the thickness exceeding 0.8nm, for example, 7kOe(s). 
)235] In the SyAF magnetic coupling layer adopted in the form of operation of this invention of Table 6, by 
)nsidering as the thickness of 0.9nm of the magnetic coupling layer by which the thickness of the ferromagnetic layer 
. which consisted of CoFe alloys, and the ferromagnetic layer B was constituted fi-om 2.5nm and Ru, 
itiferromagnetism joint magnetic fields are about 4 kOe(s), and can perform heat-resistant reservation of a 
lagnetization fixing layer good enough by the antiferromagnetism magnetic field of this level. 
)236] In this invention, the magnetic thickness of the ferromagnetic layer A and the ferromagnetic layer B is almost 
qual, or composition with the magnetic thickness of the ferromagnetic layer A thicker than the magnetic thickness of 
le ferromagnetic layer B is desirable. When the magnetic thickness of the ferromagnetic layer A and the 
aromagnetic layer B is almost equal, compared with the case where the magnetic thickness of the ferromagnetic layer 
. is thicker than the magnetic thickness of the ferromagnetic layer B, magnetization of a magnetization fixing layer is 
jmarkably stable to a medium magnetic field or a vertical bias magnetic field. 

)237] On the other hand, when the magnetic thickness of the ferromagnetic layer A is larger than the magnetic 
lickness of the ferromagnetic layer B, compared with the case where the magnetic thickness of the ferromagnetic 
lyer A and the ferromagnetic layer B is almost equal, a good ESD property without the fixing flux reversal by BSD 
an be realized. In this case, it is desirable that the ratio of the magnetic thickness of the ferromagnetic layer B to the 
lagnetic thickness of the ferromagnetic layer A considers as the range of 0.7-0.9. For example, it is desirable to 
onsider [ tiie ferromagnetic layer A ] as a 2nm CoFe alloy at a 2.5nm CoFe alloy and the ferromagnetic layer B. Even 
Ahen the magnetic thickness of the ferromagnetic layer A and the ferromagnetic layer B is almost equal, even if the 
xing flux reversal by ESD arises by what the circuit which re-fixes magnetization of a magnetization fixing layer in 
le predetermined direction by current is included in a magnetic disk drive for (for example, U.S. Pat. No. 5650887), 
le drive which can re-fix can be realized. The values of J in 200 degrees C are 0.02 erg/cm2. In order to realize the 
bove The ganmia-Mn phase which consists of IrMn, RhMn, RhRuMn, etc. which make Mn a principal component. Or 
le antiferromagnetism layer (it is easy to realize composition of Mn at less than 40% exceeding 0) which makes the 
ule-ized phase of an AuCuII form the main phase Or it is desirable to use the antiferromagnetism layer (for it to be 
asy to realize Mn composition at 70% or less 40% or more) containing the rale-ized phase (CuAuI type) of the face- 
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titered tetragon which consists of PtMn, FtPdMn, NiMn, etc., or Cr system antiferromagnetism layers, such as CrMn 
d CrAL 

238] The values of J [ in / 200 degrees C / furthermore / with these alloys ] are 0.02 erg/cm2. In order to realize the 
ove in the thin antiferromagnetism layer from which high resistance rate of change is obtained, it is required to 
ilize the crystal structure in which the maximum **** carried out orientation. 

239] For rocking curve half-value-width deltatheta of the diffraction line peak from the maximum **** and half- 
lue-width [ from the relation between Tb and J ] deltatheta showing the amount of preferred orientation shown in 
ible 8 which are a parameter, the values of J are 0.02 erg/cm2 at 8 degrees or less. It turns out that the above is 
'tained and the magnetoresistance-efifect head of this invention can be realized. If the maximum **** carries out 
ientation to face-centered tetragons, such as PtMn, similarly in the rule-ized antiferromagnetism layer of bcc 
stems, such as an antiferromagnetism layer and CrMn, J high Tb in thin antiferromagnetism thickness and high at 
lO degrees C is reaHzable. here - the maximum **** - in the case of a fee phase, in the case of a hep phase, a peak 
02) is meant, and, as for the case of a bcc phase, a peak (1 10) is meant for a peak (111), respectively Moreover, in 
Mn containing the rule-ized phase which consists of a face-centered tetragon etc., it means that the fee phase which 
mains is carrying out plane orientation (111), or that the rule-ized field (11 1) of a face-centered tetragon is carrying 
It orientation. In addition, in the case of a fee phase or a hep phase, a stacking fault may also be included. 
240] In addition, as shown in drawing 20 , the fluctuation from the film surface perpendicular direction of the 
aximum **** spot in the transmission-electron-microscope diffraction image from a head cross section can also 
press the rocking curve half-value width of the diffraction line peak from the maximimi ****, and the rocking curve 
if- value width and the fluctuation angle of the maximum **** spot of a transmission-electron-microscope diffraction 
lage by X-ray diffraction are in agreement in general. 

241] In order to realize such a good maximum **** array, membrane formation of a spin bulb film is performed in 

e atmosphere which suppressed impurities, such as oxygen gas, as much as possible. For example, the membrane 
rmation by the equipment by which preliminary exhaust air is made even on a 10-9Torr base, 500 ppm Membrane 
rmation using the spatter target which suppressed the oxygen content below. The membrane formation given in case 
spatter atom deposits moderate energy on a substrate by methods, such as a substrate bias spatter There are methods, 
ich as preparing nickel system alloy layers, such as a noble-metals simple substance or alloy ground layers, such as a 
ound layer, for example, Au, Cu, Ag, Ru, Rh, Ir, Pt, Pd, etc., and NiFe, NiCu, NiFeCr, NiFeTa, between an alumina 
ip layer and a spin bulb film. 

'242] As mentioned above, it ouflined about the technical thought [-like in common ] about the gestalt of the 2nd of 
is invention about "improvement in thermal resistance and a reproduction output" - the 6th operation. 
•243] Next, the gestalt of the 2nd - the 6th operation of this invention is explained in detail. 

•244] (Gestalt 2 of operation) An example of the magnetoresistance-efifect head which starts this operation gestalt at 
awing 17 is shown. In drawin g 17 , the lower shield 1 1 and the lower gap film 12 are formed in the Al Chick 
Juminum 203 and TiC) substrate 10, and the spin bulb element 13 is formed on it. The lower shields 1 1 are NiFe 
hich has the thickness of 0.5-3 micrometers, Co system amorphous magnetism alloy, a FeAlSi alloy, etc., and it is 
jsirable to remove surface irregularity by polish with NiFe or a FeAlSi alloy here. Moreover, an alumina with a 
ickness of 5-lOOnm, nitriding aluminum, etc. are used for the lower gap film 12. 

1245] A spin bulb element consists of a spin bulb film 14, a vertical bias film 15 of a couple, and an electrode 16 of a 
)uple. A spin bulb film consists of protective coats 147 with a thickness of 0.5-lOnm the 2nd ground layer 142 with a 
ickness of 0.5-5nm, the antiferromagnetism layer 143, the magnetization fixing layer 144, the interlayer 145 with a 
lickness of 0.5-4nm, the magnetization free layer 146, and if needed the nonmagnetic ground layer 141 with a 
[ickness [, such as Ta, Nb, Zr, and Hf, ] of 1-lOnm and if needed. 

)246] The gap layer 17 and the upper shield 18 are formed on it. Moreover, although not illustrated, the Records 
•epartment is fiirther formed on it. As for the gap layer 17, NiFe which is used and has the thickness of 0.5-3 
aerometers to the upper shield 1 8, Co system amorphous [ an alumina with a thickness of 5-lOOnm, nitriding 
uminum, etc. ] magnetism alloy, a FeAlSi alloy, etc. are used. 

)247] When the rule system alloy of face-centered tetragons, such as Mn rich alloy of gamma-Mn systems, such as 
Mn, RhMn, and RhRuMn, and PtMn, NiMn, is used as an antiferromagnetism layer 143 AuCu to which the ground 
lyer 142 makes a principal component them, such as Cu, Ag, Pt, Au, Rh, Ir, and nickel The hep phase metal which 
insists of alloys [, such as Ru and Ti, ] which make them a principal component, such as alloys, such as CuCr, nickel 
f a Japanese Patent Application No. [ No. 229736 / nine to ] publication, nickel system alloy, NiFe, and a NiFe system 
Hoy, is desirable. 

)248] Moreover, although the ground layer mentioned above is sufficient as the ground layer 142 when using Cr 
/stem antiferromagnetism alloy film as an antiferromagnetism layer 143, the ground layer which consists of alloys 
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hich make them a principal component, such as Cr, V, Fe, etc. which consist of a bcc layer, is also suitable. 
1249] The magnetization fixing layer 144 consists of three layer membranes which consist of 1443 of 1441 of the 
/o-layer ferromagnetic layer B combined in antiferromagnetism through the magnetic coupling layer 1442, and the 
irromagnetic layer A. Since a big resistance change will be obtained if nonmetals, such as oxygen and nitrogen, are 
serted in the middle of the ferromagnetic layer B and the antiferromagnetism layer 143, or the middle of the 
irromagnetic layer B and the antiferromagnetism film of a vertical bias film, it is desirable. In this case, the layer 
ickness which inserts a nonmetal has desirable 0.2-2nm. For example, ferromagnetic layer A (or the ferromagnetic 
yer B) / oxidizing zone / ferromagnetic layer B (or the ferromagnetic layer A) which minded the oxidizing zone in 
e middle for the ferromagnetic layer A (or the ferromagnetic layer B) are desirable. 

1250] The magnetic coupling layer 1442 has desirable Cr firom which an antiferromagnetism joint function is obtained 
. the metal which consists of Ru, Rh, Ir, and Cr, Ru which has a big antiferromagnetism joint function especially, Ru 
hich has an antiferromagnetism joint fimction in the latus thickness range, or the latus thickness range. It is usable if 
is the thickness which can discover an antiferromagnetism joint function as shown in reference (Phy.Rev.Lett.67. 
991) 3598) as thickness of a magnetic coupling layer. 

1251] Residual magnetization ratio Mr/Ms shows Ru ** after heat treatment at the time of using Ru for the magnetic 
)upling layer of the ferromagnetic layer of Co, and the ferromagnetic layer of a CoFe alloy, and the relation of the fall 
3gree of antiferromagnetism combination to drawing 21 . Mr/Ms=l shows that antiferromagnetism combination is 
)mpletely disappearance and antiferromagnetism combination with perfect Mr/Ms=0 here. 
>252] 1 .2nm or less is desirable exceeding O.Srmi which does not produce property degradation of the magnetic 
)upling function by counter diffusion with the ferromagnetic layer B, and the ferromagnetic layer A and the magnetic 
)upling layer which adjoins even if it performs heat treatment at 250-300 degrees C which is needed at the head 
•ocess of heat treatment or others of deciding the magnetization direction of the magnetization fixing layer 144 
spending on the case when Ru is used for a magnetic coupling layer as shown in drawing 21 etc. Antiferromagnetism 
)mbination will become difficult, if Ru layer needs to pay attention for the fall of the antiferromagnetism joint 
motion by counter diffusion in 0.8nm or less and exceeds 1 .2nm ** on the other hand. Moreover, whm Cr is used for 
magnetic coupling layer, 1 .5nm or less is desirable at the same reason as the case where Ru is used, exceeding O.Snm. 
nd in the ferromagnetic layer B and the ferromagnetic layer A, Co or Co system alloy is desirable. 
>253] If a Col-x Fe alloy (0< x<=0.5) is used for the ferromagnetic layer B and the ferromagnetic layer A, especially 
nee a big switched connection coefficient with the antiferromagnetism layer 143 which consists of a Mn rich alloy of 
mmia-Mn systems, such as IrMn, RhMn, and RhRuMn, is obtained and diffusion with Ru, the ferromagnetic layer B, 
id the ferromagnetic layer A can moreover be prevented, it is desirable. In replacing with a CoFe alloy and using Co, 
)mpared with the case where 270 degrees C and the thickness range of the magnetic coupling layer which can 
laintain a stable magnetic coupling function also with heat treatment about maintenance for 1 hour are CoFe alloys as 
is about set to two thirds and it is shown in d rawing 21 , it becomes narrow. 



)254] In addition, the surface smooth nature of a magnetic coupling layer is also important in order to maintain the 
lermal resistance of the antiferromagnetism joint function, and it is 2 lOimi. Generating of the bigger surface 
regularity in the minute field in the film surface of a grade than the thickness of a magnetic coupling layer degrades 
le thermeil resistance of an antiferromagnetism joint function. Therefore, as for the size of the surface irregularity of a 
magnetic coupling layer, it is desirable that it is below the thickness of a magnetic coupling layer. 
)255] Change of the spin bulb film surface resistance Rs to the thickness of the ferromagnetic layer A and the 
irromagnetic layer B, field resistance change deltaRs, and resistance rate-of-change deltaR/R is shown in Table 9. 
loreover, the change of resistance to the magnetic field of a spin bulb film is shown in drawing^22 . 
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le external magnetic field with which the thickness of the ferromagnetic layer B and the ferromagnetic layer A was 
esirable in order to obtain resistance rate of change with big l-5nm, and Inm - 3nm thickness was especially indicated 
) be to drawing 22 from Table 9 - receiving - a stable (the falls of resistance are few even if it adds the extemal 
lagnetic field of +600Oe) magnetization fixing layer - in addition, especially since the strong spin bulb film surface 
jsistance Rs is obtained and field resistance change deltaRs can also be satisfied, it is desirable Here, only by being 
trge, since a reproduction output is proportional to the product of sense current and resistance change and resistance 
liange is proportional to the product of field resistance of resistance rate of change and a spin bulb film, resistance rate 
f change cannot obtain high power, when field resistance is small. That is, in order to obtain high power, high field 
jsistance is required with high resistance rate of change. 

)257] Drawing 23 is drawing showing the resistance change by the magnetic field at the time of seting thickness of 
le ferromagnetic layer A constant 3nm, and changing the thickness of the ferromagnetic layer B. 
)258] If magnetic thickness of the ferromagnetic layer A and the ferromagnetic layer B is made equal so that drawing 
3 may see, change of resistance by the high magnetic field of +600Oe is small, therefore a remarkable stable 
lagnetization fixing layer can be realized to a medium magnetic field, the magnetic field from a vertical bias layer, the 
xtemal magnetic field at the time of the Records Department formation heat treatment, etc. Moreover, the problem of 
le flux reversal of the magnetization fixing layer by ESD is current by the circuit which compensates the fixing 
lagnetization direction included in the drive, as already stated, and it can respond by returning the magnetization 
irection towards desired. 

)259] On the other hand, the following advantages are acquired by changing the magnetic thickness of the 

jrromagnetic layer A and the ferromagnetic layer B. Operation of magnetization fixing by heat treatment for making 

le 1st and magnetization of the magnetization free layer which is the fiindamental composition of a spin bulb, and a 

lagnetization fixing layer cross at right angles first becomes easy. Higher resistance rate of change is obtained by 

laking magnetic thickness of the ferromagnetic layer B smaller than the magnetic thickness of the ferromagnetic layer 

. by the table 10 showing the relation between the thickness of the ferromagnetic layer B, and resistance rate of 

hange in the 2nd, so that clearly. The flux reversal of the magnetization fixing layer by ESD will hardly happen 

3rd ], and a stable reproduction output is obtained to near the breakdown voltage. It is the voltage on which a spin 

ulb element destroys breakdown voltage with voltage here, and spin bulb element resistance begins to increase 

3260] ^ 

fable 5] 
cio 

Ta (5 nm) /AuCu (2 nm) /CoFe (6 nm) /Cu (3 nm) 
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)r example, when the ratio of the magnetic thickness of the ferromagnetic layer B and the ferromagnetic layer A is set 

; the ferromagnetic layer A, the ferromagnetic layer B, and a magnetization free layer 0.7-0.9 when Co, CoFe, and 

iFe are used, respectively and Cu is used for a nonmagnetic interlayer, and the thickness of the ferromagnetic layer B 

set as 2.5nm, a good ESD property as shown in drawing 24 , drawing 25 , and Table 11 can be acquired. Resistance 

id an output after drawing 24 and dra wing 25 give the ESD voltage of tiie simulation by the human body model to a 

)in bulb element here are shown, and drawing 24 shows the case where the magnetic thickness of drawing 25 of the 

;rromagnetic layer A is larger than the magnetic thickness of the ferromagnetic layer B, when the magnetic thickness 

fthe ferromagnetic layer A and the ferromagnetic layer B is equal. Moreover, Table 1 1 shows the ESD property by 

e test pattern to a spin bulb element. 

1261] 

:^able 6] 
1 1 
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Jthough the magnetic field which is mainly concemed v^ith a current magnetic field in a magnetization fixing layer at 
le time of ESD generating is strongly added [ rather than ] to the ferromagnetic layer A to the ferromagnetic layer B, 
lis The ratio of the current magnetic field, and H(current) B/H(current) A Since it is mostly in agreement with the 
xiprocal ratio of magnetic thickness, and A (Ms-t)/(Ms-t) B The variation of the energy of the magnetization and 
jctemal magnetic field of the ferromagnetic layer A and the ferromagnetic layer B offsets each other. It is because the 
tiergy change as the whole and {(Ms-t )-H(current)} A-{(Ms-t )H(curreent)} B can realize a small state and, as a 
jsult, cannot move magnetization of a magnetization fixing layer by the ESD current magnetic field. 
)262] When the ferromagnetic layer A is 2nm as shown in d rawing 23 , therefore (Ms-t) 3nm and the ferromagnetic 
lyer B are set to B / (Ms-t) A = 0.67, they compare the ferromagnetic layer A and the ferromagnetic layer B with the 
ase of this 3nm dravdng (a), and it is HUA*. It falls, therefore the thermal resistance of a magnetization fixing layer 
Iso falls. Thus, when magnetic thickness of the ferromagnetic layer B is made smaller than the ferromagnetic layer A, 
is desirable to choose the energization direction of sense current so that the magnetic field fi-om sense current may be 
dded in the same direction (namely, the same direction as magnetization of the ferromagnetic layer B) as the bias 
lagnetic field from the antiferromagnetism layer which joins the ferromagnetic layer B. Since the disclosure magnetic 
eld by which it is equivalent to the magnetic thickness difference of the ferromagnetic layer A and the ferromagnetic 
lyer B like the spin bulb film of the magnetization fixing layer of the conventional monolayer when the direction of 
le ferromagnetic layer A has magnetic large thickness joins a magnetization free layer, the reason Although 
lagnetization rectangular cross arrangement with a magnetization fi-ee layer and a magnetization fixing layer is 
isturbed and the fall of a reproduction output produces the problem of the vertical asymmetry of a reproduction wave 
icreasing This disclosure magnetic field can be offset by passing sense current so that the magnetic field by sense 
urrent may be added in an exchange bias magnetic field and this direction, as shown in dr awing 26 which shows the 
lagnetization and disclosure magnetic field in a spin bulb. 

3263] It is desirable to use for a nonmagnetic interlayer the alloy which makes a principal component Cu, Au, Ag 
imple substance, or them. Although it can be fundamentally used if it is about 1 -1 Onm which is the range which can 
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)tain resistance rate of change, especially since the ferromagnetic-like joint magnetic field which the thickness range 
:^ 1 .5nm - 2.5nm generates between a magnetization fixing layer and a magnetization fi*ee layer can be suppressed to 
5 or less Oes and high resistance rate of change is especially obtained by the spin bulb fihn of this invention, the 
ickness is desirable. 

'264] The NiFe alloy which minded [ Co alloy /, such as Co, CoFe, CoNi, and CoFeNi, /, NiFe alloy, or those 
minating composition, for example, interlayer, ] 0.3-1 .5nm thin Co is used for a magnetization fi-ee layer. And the 
ickness of a magnetization fi-ee layer has desirable 1-1 Onm. 

»265] Table 12 is a table in which having set the thickness of a magnetization fixing layer (magnetization fixing layer) 
mstant 2.5nm, and having shown the relation between the thickness of a magnetization ft*ee layer, and resistance rate- 
f-change deltaR/R. As shown in Table 10, in this invention, magnetization fi-ee thickness is desirable, especially in 
der that 2-5nm may obtain high resistance rate of change. 
1266] 
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able 13 is a table in which having set magnetization fi*ee layer thickness constant 4nm, and having shown the relation 

5tween the thickness of the ferromagnetic layer A of a magnetization fixing layer, and resistance rate-of-change 

2ltaR/R. As shown in Table 1 1, it is desirable to have the relation of -0.33 <={t(F)-t(P)}/t(F) <=0.67 between 

lickness [ of a 2-5nm magnetization fi-ee layer ] t (F) and thickness [ of the ferromagnetic layer A ] t (P) in order to 

Dtain high resistance rate of change. 
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letals, such as Ta, Nb, Zr, Cr, Hf, Ti, Mo, and W, those alloys or the oxide of these metals, a nitride, etc. are used for 
protective coat. It is desirable in order that protective coats of high resistance, such as a NiFe oxide, nitriding 
luminum, and a tantalic-acid ghost, may especially obtain high resistance rate of change by the oxide or the nitride, 
)r example. Since removal by etching of a protective coat becomes easy when forming the electrode and vertical bias 
lyer which a thing thin as much as possible describes as 0.3 -4nm later, the thickness is desirable. Moreover, in the 
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ise offer example, a CoFe magnetization free layer, in the case of a NiFe magnetization free layer, Cu/Ru Cu and 
u, Cu alloy, etc. may use a noble-metals simple substance, an alloy monolayer, or layered products, such as Ag Au, 
u, Ir, Cu, Pt, Pd, and Re, for Ag, Ru, Ru/Ag, Ru/Cu, Cu, etc. at a protective coat. You may form high resistance 
rotective coats, such as Ta, ftirther on an oxide, a nitride, and a noble-metals protective coat. 

)268] Making magnetization of a magnetization fixing layer and a magnetization free layer intersect perpendicularly 
in be earned out by the foUowmg method. That is, after carrying out in the magnetic field to which the 
itiferromagnetism layer 143 impressed membrane formation to the magnetic coupling layer 1442 in the cross 
irection. i.e., height direction, of a spin bulb element when forming a spin bulb in the case of Mn rich alloy of gamma- 
In systems, such as IrMn, RhMn, and RhRuMn, it heat-treats in order to, arrange the direction of a switched 
Dnnection bias magnetic field of the antifeiromagnetism layer 143 with ** on the other hand. In addition it is more 
ssirable for magnetic coupling layers, such as Ru, to form membranes to 1442 layers of magnetic coupling layers 
nee It is more strong to oxidization, although ****** [ heat treatment for on the other hand arranging the direction of 
switched connection bias magnetic field of this antiferromagnetism layer 143 with ** / immediately after membrane 
)rmation of the ferromagnetic layer B ]. It is desirable in a vacuum a short time and to cany out preferably at 
mperature higher than Tb in a short time for 1 0 or less minutes and the magnetic field with which the fen^omagnetic 
tyer B is saturated completely, without this heat treatment canying out leak after membrane fonnation For example 
b cames out about 1 minute at 350 degrees C at IrMn which is 300 degrees C. ' 
)269] Next, without leaking, at least during magnetic free layer membrane formation, a magnetic field is added in the 
irection of the width of recording track of a spin bulb element, and a subsequent spin bulb element is formed 
though the case of the rule combination gold of PtMn or NiMn also has the same antiferromagnetism layer 143 - the 
itifen-omagnetism layer of a gamma-Mn system - differing - not necessarily - the membrane fonnation to the 
jnomagnetic layer B - the inside of a magnetic field ~ it is not necessary to carry out ~ subsequent heat treatment - 
le elevated temperature of 200 degrees C or more ~ it is necessary to carry out preferably at 270-350 degrees C for 1 
» 20 hours for several hours After heat treatment gives a magnetic field during membrane formation of a 
lagnetization free layer similarly, and performs subsequent spin bulb membrane formation. 
)270] In addition, any antifenomagnetism layer can also perfonn heat treatment in spin bulb membrane fonnation 
fter spm bulb membrane fonnation. In this case, it is desirable to add the magnetic field exceeding the joint magnetic 
eld of the magnetic coupling layer 1442, to saturate completely magnetization of the fen-omagnetic layer A and the 
aromagnetic layer B in this direction (the height direction), and to heat-treat. For example, the magnetic field which 
jn-omagnetic layer B / magnetic coupling layer / ferromagnetic layer A adds during heat treatment since the joint 
lagnefac fields of Ru are about 6 kOe(s) in CoFe2 nm/RuO.9 nm/CoFe2nm has 7 or more desirable kOes In order to 
lake small the magnetic field added at the time of this heat treatment, it is desirable to heat-treat, before processing a 
3m bulb film into an element configuration. After processing, since [ of an anti-magnetic field ] it is based on an 
lement configuration, a strong magnetic field is needed saturating the fenomagnetic layer A and the ferromagnetic 
lyer B. * 

)271] Magnetization of the magnetization fixing layer 144 is made to fix towards desired by the above method 
owever, when the above-mentioned heat treatment is strong, it becomes difficult for the magnetization free layer 146 
id the easy axis of the lower shield 1 1 to make it intersect perpendicularly with magnetization of a magnetization 
xmg layer toward the height direction of a spin bulb element like a magnetization fixing layer. In order to turn a 
lagnetization free layer and the easy axis of a lower shield in the direction of the width of recording track, in the resist 
are process in a recording head, it is desirable to add the degree about magnetic field of necessary minimum with 
'hich a shield and a magnetization free layer are saturated in the direction of the width of recording track, for example 
00-300 Oes, and to stabilize the easy axis of a shield or a magnetization free layer in the direction of the width of 
xjording frack. Moreover, as for a lower shield, it is desirable to stabilize an easy axis in the direction of the width of 
jcording track with heat treatment beforehand before spin bulb membrane formation. 

)272] What CoPt, CoPtCr, etc. which were formed on grounds, such as a hard magnetic film, for example, Cr, and 
rCo, earned out the laminating of the ferromagnetism layer 151 and the antiferromagnetism layer 152 to the vertical 
las layer one by one, and made the ferromagnetic layer hard is used with the element stiiicture of the ABATTOJI 
ushion type shown in drawing 17 , i.e., the element structure which removed the width-of-recording-track edge of a 
lagnetization free layer, and formed the vertical bias layer there. The antiferromagnetism layer 152 may be formed 
rst and, next, the fenomagnetic layer 151 may be formed. The magnetic thickness ratio of the fen-omagnetic layer by 
'hich switched connection bias was carried out by the vertical bias fenomagnetism layer to a magnetization free layer 
e., a hard magnetic layer, and the antifen-omagnetism film in order to have obtained tiie steep reproduction sensitivity' 
rofile in a width-of-recording-fa-ack edge corresponding to the fiiture *♦ truck, and LB (Ms-t)/(Ms-t) F Setting or less 
) two is desirable. If a magnetization free layer becomes thin to about 3-6 nmTs by 2-5mn ** or magnetic thickness it 
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LB (Ms-t)/(Ms-t) F. In order to carry out to two or less, a vertical bias ferromagnetism layer also becomes very thin, 
r example, it is set to 1 2 or less nmTs by magnetic thickness. 

•273] However, generally, by the hard magnetic film, if it becomes thin to lOnm thick intensity, high coercive force 
ill become difficult to get. For example, what was the high coercive force of 2000Oe in the CoPt hard magnetic film 
hose Ms is IT at 20mn ** falls to 800Oe(s) in lOnm. On the other hand, in a ferromagnetic / antiferromagnetism film 
pe vertical bias layer, an exchange bias magnetic field increases and fixing becomes firm, so that a ferromagnetic 151 
jcomes thin. For example, the coercive force which was 80Oe(s) at 20nm ** in the vertical bias layer which carried 
It the lammating of the IrMn of NiFe whose Ms is IT, and 7nm ** increases even to 160Oe(s) in lOnm **. These 
50Oe(s) are values which have an actual result by the conventional MR head. Therefore, it is desirable to use a 
rromagnetic / antiferromagnetism film type vertical bias layer in the field where magnetization fi-ee layer thickness is 
ay thin, for example, a field in which it becomes 5nm thick less or equal. 

1274] Furthermore, it is desirable when it fully removes a Barkhausen noise in the vertical bias layer of ferromagnetic 
51 / antiferromagnetism film 152 that the saturation magnetization of a ferromagnetic 151 is almost equal to the 
Lturation magnetization of a magnetization fi-ee layer, or it is larger than it by as small the vertical bias magnetic field 
I possible. That is, although a NiFe alloy is sufficient as a ferromagnetic 151, a NiFeCo alloy with more large 
lturation magnetization, a CoFe alloy, Co, etc. are more desirable. If a disclosure magnetic field is strengthened, a 
arkhausen noise is removed by enlarging the thickness using the small film of saturation magnetization as a 
rromagnetic 151 and it will become the narrow width of recording track especially, the fall of a reproduction output 
ill be caused. 

►275] In addition, although the case where a vertical bias layer was formed was shown by drawing 1 7 without 
moving all spin bulb films, you may carry out etching removal to the ground layer 141 . However, in order to keep 
e crystallinity of a ferromagnetic layer good, it is desirable to leave the ground layer 142 at least and to use the 
ystalline improvement effect as the depth in which it before forming a vertical bias layer. From a 

ewpoint of a thickness control, it is desirable to ********** the thicker antiferromagnetism layer 143 a little, to 
eaken the exchange bar chair, and to obtain the vertical bias layer of a good hard film property. You may give the 
Jrtical bias layer which ends etching to a nonmagnetic interlayer's middle and consists of a 151/antiferromagnetism 
Im 152 of ferromagnetics on it. In addition, in order [ for a crystalline improvement ] to weaken the magnetic 
mpling of a magnetization fixing layer, the antiferromagnetism layer 143, and a vertical bias layer, you may form the 
?ry thin ground layer 153 as well as the ground layer 143 in the bottom of a ferromagnetic 151. In order to stop 
iduction of the magnetic coupling of a magnetization fi-ee layer and a vertical bias layer to the minimum, the thickness 
Fthe ground layer 153 has desirable lOnm or less. 

1276] When using a hard magnetic film, it is desirable to arrange the saturation magnetization of a magnetization fi-ee 
yer and a hard magnetic fihn similarly. However, it is usually difficult to produce the hard magnetic film of the high 
lturation magnetization which is equal to high saturation magnetization fi-ee layers, such as CoFe. Then, the method 
F maintaining balance with saturation magnetization with a magnetization fi-ee layer is suitable for removing a hull 
UHAUZEN noise by the small vertical bias magnetic field using the film of high saturation magnetization like FeCo 
} a ground of a hard magnetic film. 

)277] The same anti ferromagnetic substance as what was used for the spin bulb film can be used for the 
itiferromagnetism film 152. However, the exchange bias magnetic field of the height direction and the 
itiferroma.gnetism film 152 of a vertical bias layer needs to make the direction of the width of recording track, and the 
cchange bias magnetic field of the antiferromagnetism layer of a spin bulb cross at right angles mutually. Then, after 
for example, ] heat treatment prescribes the direction of an exchange bias magnetic field of the antiferromagnetism 
yer which both blocking temperature Tb is changed and has high Tb first, A mutual exchange bias magnetic field can 
5 made to intersect perpendiculariy by setting up the direction of an exchange bias magnetic field of the 
Itiferromagnetism film which has low Tb, heat-treating low temperature more to the antiferromagnetism film which 
is Tb lower than it, and keeping stable the direction of exchange bias of a high Tb antiferromagnetism layer. 
)278] On the antiferromagnetism film 152, specifically with heat treatment of PtMn, PdPtMn, etc. Although the 
Itiferromagnetism film which discovers HUA is sufficient, Tb which a magnetization fixing layer can heat-treat at 
able temperature is 200-300 degrees C. If the antiferromagnetic substance with Tb higher than it, i.e., IrMn, PtMn, 
tPdMn, etc. are used for the antiferromagnetism layer of a spin bulb film, RhMn, IrMn, RhRuMn, FeMn, etc. The' 
irection of exchange bias of the antiferromagnetism film 152 can be specified in the direction of the width of 
jcording track, without disturbing the direction of magnetization fixing layer magnetization of a spin bulb film at the 
jsist cure heat treatment process mentioned above. That is, **** can make vertical bias and magnetization fixing layer 
lagnetization intersect perpendicularly good, even if the blocking temperature gradient between both 
itiferromagnetism films is dozens of degrees C by using the property which pin magnetization stabilizes rapidly 
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jIow at the blocking temperature which is the feature of this invention. When IrMn, FeMn, RhMn, RhRuMn, 
rMnPt, CrMn, etc. which can give an exchange bias magnetic field to the antiferromagnetism film 152 by membrane 
►rmation among a magnetic field are used, heat treatment moreover, to eye an unnecessary hatchet No matter what 
yer [ antiferromagnetism ] the direction of a bias magnetic field of the antiferromagnetism layer 143 of a spin bulb 
Im may not be disturbed and it may use for the antiferromagnetism layer 143 of a spin bulb film, the direction of 
Jrtical bias and the magnetization fixing layer magnetization direction can be made to intersect perpendicularly. 
»279] On the other hand, as shown in drawing 27 , vertical bias can be added to a magnetization fi-ee layer also with 
e structure which carried out etching removal only of the protective coat 147 of the width-of-recording-track edge of 
magnetization ft-ee layer, and carried out the switched connection laminating of the antiferromagnetism film on it. As 
•r the vertical bias layer 15, it is desirable to mind the buffer layer 151 1 for strengthening switched connection with a 
agnetization fi-ee layer as the antiferromagnetism layer 152 and its ground. As for this buffer layer 151 1, it is 
jsirable that it is the ferromagnetic layer which consists of Fe, Co, nickel, etc. The convention of the magnetization 
rection of vertical bias is the same as that of the case of the vertical bias of the 151/antiferromagnetism layer 1 52 of 
rromagnetic layers. The vertical bias method using the antiferromagnetism layer has the advantage which can 
ippress a Barkhausen noise, without generating an excessive vertical bias magnetic field like a hard magnetic-film 
etiiod, and causing the sensitivity fall of a head. 

)280] (Form 3 of operation) The 3rd operation form of this invention is shown in dra win g 28 . As for draw ing 28 , the 
ructure of a spin bulb film differs fi-om drawing 21 . In drawing 27 , the spin bulb film 14 formed on the lower gap 12 
a, Nb, Zr, The nonmagnetic ground layer 141 with a thickness [, such as Hf, ] of 1-lOnm, It consists of protective 
)ats 147 with a thickness of 0.5-1 Onm the 2nd ground layer 142 with a thickness of 0.5-5nm, the magnetization free 
yer 146, the interlayer 145 with a thickness of 0.5-4nm, the magnetization fixing layer 144, the antiferromagnetism 
yer 143, and if needed if needed. The magnetization free layer (free layer) 146, an interlayer 145, the magnetization 
xing layer 144, and the antiferromagnetism layer 143 are the same composition as the operation form 2 here. 
1281] When the alloy which makes a principal component Au, Cu, Ru, Cr, nickel, Ag, Pt, Rh, or them was used and a 
oFe alloy is used especially for a magnetization free layer, the thermal resistance of resistance rate of change can be 
ised to the ground layer 142. 

»282] In drawing 27 , the spin bulb element 13 is constituted by the same vertical bias layer 15 of a couple as d rawing 
L , and the electrode 16 of a couple together with the spin bulb 14. The upper gap layer 17 and the upper shield 18 are 
)nstituted still like drawing 2 1 on it. 

)283] (Form 4 of operation) Drawing 29 is the operation form of fiirther others of this invention, and shows the 
cample at the time of applying this invention to dual type spin bulb structure. 

1284] In dmwing_29 , like the case of drawing 2.1 of the operation form 2, and dmwing.27 of the operation form 3, the 
srtical bias layer 15 of a couple, the electrode 16 of a couple, the vertical bias layer 15, and the spin bulb element 13 
:at consists of a spin bulb film 14 are formed on the lower shield 1 1 and the lower gap 12, and the upper gap 1 7 and 
e upper shield 1 8 are formed on it. However, the interval of an electrode 16 and the composition of the spin bulb film 
i differ from dmwing 2 1 and drawing 2.7 . 

>285] The spin bulb film 14 Ta, Nb, Zr, The nonmagnetic ground layer 141 with a thickness [, such as Hf, ] of 1- 
)nm and the need are accepted. The 2nd ground layer 142 with a thickness of 0.5-5nm, the antiferromagnetism layer 
43, the magnetization fixing layer 144, the interlayer 145 with a thickness of 0.5-4nm, the magnetization free layer 
46, the 2nd interlayer 148 with a thickness of 0.5-4nm, It consists of protective coats 147 with a thickness of 0.5- 
3nm the 2nd magnetization fixing layer 149, the 2nd antiferromagnetism layer 150, and if needed. 
)286] The laminating magnetization fixing layer which becomes at least one side of the magnetization fixing layer 
♦4 and the magnetization fixing layer 149 from the same ferromagnetic layer A and same magnetic coupling layer as 
rawing 1 7 , and the ferromagnetic layer B is used, the combination of the monolayer magnetization fixing layer of the 
)nner [ layer / 1 magnetization fixing / 149 / layer / magnetization fixing / 144 / a SyAF magnetization fixing layer 
id ] and 2 - to the magnetization fixing layer 144, the combination of a SyAF magnetization fixing layer can be 
inversely used in a SyAF magnetization fixing layer and the magnetization fixing layer 149 in the combination of the 
Dnventional monolayer magnetization fixing layer, or the both sides of 3 magnetization fixing layer 149 and the 
lagnetization fixing layer 144 / and 

)287] Although the vertical bias layer 15 is the so-called ABATTO junction type of element structure After using the 
ime vertical bias layer 15 as drawing 17 , drawing 27 , and drawing 28 into the Uft-off method, using a photoresist as 
mask and carrying out etching removal of the width-of-recording-track edge of a spin bulb film, by methods, such as 
spatter, vacuum evaporationo, and ion beam membrane formation forming the vertical bias layer 15 - facing - 
:ching removal of the spin bulb film 14 - at least - the conductor layer of the spin bulb film 14 - ****** - it is 
ssirable to carry out like For example, when the antiferromagnetism layer 143 is a ganmia-Mn system alloy like IrMn, 
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is desirable to leave a part of antiferromagnetism layer 143 at least. 

288] If it leaves the conductor section to a width-of-recording-track edge, since the contact resistance of an 
BATTO junction will fall, it is easy to realize the spin bulb element 13 of low resistance, and, for this reason, a 
rong head can be realized to static electricity. Of course, etching removal of all the spin bulb films of a width-of- 
cording-track edge may be carried out, and a vertical bias layer may be formed. 

289] Although an electrode 16 may be put in block with a vertical bias layer and Hft-off formation may be carried 
jt, an electrode spacing and the interval of a vertical bias layer are mostly in agreement in this case. Or it is good also 
. the so-called lead exaggerated RAID structure which separated electrode formation with vertical bias layer 
•rmation, and narrowed and formed the electrode spacing fi-om the interval of a vertical bias layer. When it was lead 
Laggerated RAID structure and a hard magnetic layer is used especially for a vertical bias layer, the influence of the 
sclosure magnetic field fi-om a hard magnetic layer can be shut up near [ where the laminating of the spin bulb film is 
irried out to the electrode ] the width-of-recording-track edge section, and there is a merit which can be specified to 
e sensitivity profile sharp of the direction of the width of recording track of the regenerative-track width efface 
>ecified by inter-electrode with high degree of accuracy. In high-density record to which especially regenerative-track 
idth of face serves as submicron one, the merit becomes clearer compared with the conventional method. Naturally 
is lead exaggerated RAID structure is applicable also to the operation form of drawing. 21 or dramng 27 . 
>290] (Form 5 of operation) Drawing. 30 is the operation form of fiarther others of this invention. Like the form 2 of 
aeration shown in drawing 21 , a lower shield and a lower cap (not shown) are formed on a substrate (not shown), the 
)in bulb film 13 is fiirther formed on it, and although not fiirther illustrated on it, an upper cap, an upper shield, and 
e Records Department are formed. The vertical bias layer 15 and electrode 16 of a couple are formed in the width-of- 
jcording-track ends of the spin bulb film 13. The case where the layered product which consists of the ground layer 
53, a ferromagnetic 151, and an antiferromagnetism film 152 was used for a vertical bias layer as an example was 
lown. Naturally hard magnetic films, such as CoPt, can be used for a vertical bias layer. 
)291] An electrode 16 forms low resistance metals, such as Ta/Au/Ta, using the material included at least, an 
ectrode spacing LD is formed more narrowly than the vertical bias interlayer spacing HMD, and the spin bulb film 13 
id an electrode 16 have the field which carries out field contact near the width-of-recording-track ends. Although a 
srtical bias layer and an electrode are usually formed of a lift off, you may form them by the ion milling method, the 
;active-ion-etching method, etc. Although a process process becomes complicated, a drive process is especially 
litable for highly precise electrode formation. 

)292] In spin bulb film 13 field of electrode 16 directly under in which the vertical bias layer 15 does not exist The 
jsistance of an electrode compares with the resistance of a spin bulb film, when small enough, to the case of 1/10 or 
:ss If magnetization of the magnetization free layer 146 of a spin bulb film is mostly specified in the direction of the 
idth of recording track when a medium magnetic field is zero mostly, since reproduction sensitivity will fiirthermore 
e reduced sharply in parts other than inter-electrode [, such as directly under / of a spin bulb film / electrode /, ] An 
lectrode spacing LD can prescribe regenerative-track width of face, and the steep reproduction sensitivity distribution 
I a width-of-recording-track edge can be realized. 

)293] Since a field surface of action can fiirthermore take the spin bulb film 13 and the sufficiently large electrode 16 
Dmpared with the usual AB ATTO junction method, the contact resistance of an electrode and a spin bulb can control 
nail enough, as a result, the spin bulb element of low resistance can be realized, and, moreover, a magnetoresistance- 
ffect head strong against ESD can be realized in a low noise. 

)294] In order to raise recording density here from now on and to narrow regenerative-track width of face, it is 
ecessary to narrow an electrode spacing LD. On the other hand, if an electrode spacing becomes remarkably narrow, 
will become difficult to narrow the width of face of an element, i.e., height, more than it. Therefore, it is desirable to 
lake HD larger than LD when manufacturing a head with the sufficient yield. Specifically, in order to keep good the 
ield at the time of head mass production, about the height which determines a size with machining, about 0.5 
licrometers and more than it are required, and when regenerative-track width of face narrows in 0.5 micrometers or 
5ss, it is desirable to set up HD more greatly than LD. However, the following problems occur in that case. 
D295] The 1st problem is that a reproduction output decreases, in order that resistance of the reproduced spin bulb film 
ield may decrease. It was avoided by raising field resistance of a spin bulb film to this problem. Although it was 
ifficult to obtain high field resistance since fixing thickness was conventionally thicker than the magnetization fixing 
lyer of a monolayer, as shown in Table 14 and 15, by this invention, it is compatible in high field resistance of 
6ohms or more, and 8% or more of high resistance change with the usual SyAF fixing layer by suppressing the sum 
Dtal of the thickness of the thickness of a magnetization fixing layer, a nonmagnetic interlayer, and a magnetization 
ree layer to Hnm thick less or equal. 
0296] 
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)298] In order to realize high resistance rate of change using such an ultra-thin spin bulb film 1) CoFe with a stable 
:c phase, CoNi, and a CoFeNi alloy are used for the ferromagnetic layer A of a magnetization fixing layer, and the 
jrromagnetic layer B, 2) Co, CoFe, CoNi, and a CoFeNi alloy are used also for a magnetization free layer at least near 
le interface with a middle non-magnetic layer, 3) It is desirable to use the antiferromagnetism layer containing noble- 
letals elements, such as PtMn, PtPdMn, IrMn, RhMn, and RhRuMn, for an antiferromagnetism film, 
)299] The 2nd problem in the case of setting up HD more greatly than LD is generating of a Barkhausen noise. With 
le spin bulb element of the ABATTO junction method the conventional electrode spacing and whose interval HMD of 
vertical bias film correspond mostly, HMD becomes smaller than HD, the direction of HD becomes a long rectangle 
onfiguration, magnetization of a magnetization free layer becomes easy to tum to the configuration of a magnetization 
•ee layer in the height direction where an anti-magnetic field is weak, and, as a result, a Barkhausen noise generates it, 
)n the other hand, in this invention, the configuration of a spin bulb film does not say that it becomes easy to tum to 
lagnetization of a magnetization free layer in the height direction since HMD is more greatly [ than HD ] long in the 
irection of the width of recording track, and for this reason, removal of a Barkhausen noise is easy and can improve 
head manufacture ] the yield about this point. 

3300] As an example, it is lHD=0.5micrometer, LD=0.45micrometer, HMD=1.3micrometer, 2HD=0.4micrometer, 
,D=0.35micrometer, HMD=0.8micrometer, etc., and is a book. 

3301] In addition, although the case where the magnetization fixing layer had been arranged between a magnetization 
ree layer and a substrate was shown in .drawin^.29 , it is applicable similarly about the case where a magnetization 
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ee layer exists between a substrate and a magnetization fixing layer. 

1302] (Form 6 of operation) The form of the operation of further others of this invention is shown in drawing 3 1 . The 
ibstrate which is not illustrated, a lower shield, and a lower gap are formed, and the vertical bias layer 15 of a couple 
formed on it of dry processes, such as the lift-off method, ion milling, and reactive ion etching. Although the case 
here it consisted that the form 2 of operation showed drawing 29 as an example of a vertical bias layer of a layered 
roduct of the ferromagnetics 151, such as the antiferromagnetism films 152, such as the ground layer 153 and IrMn 
litable for the same antiferromagnetism layer, RhMn, and CrMn, CoFe, NiFe, and Co, was shown, each of other 
srtical bias layer shown with the form 2 of operation is applicable. 

)303] Besides, the spin bulb film 13 is formed. In order to give the bias magnetic field fi-om a vertical bias layer 
iectively to the magnetization fi-ee layer 143, as for the spin bulb film 13, it is more more desirable than a 
lagnetization fixing layer that the vertical bias layer 15 and the magnetization fi-ee layer 143 make it easy to arrange 
le magnetization fi*ee layer 143 and to approach a substrate side. In order to give the bias magnetic field from a 
^rtical bias layer effectively to a magnetization free layer, as for the thickness of the ground layers 141 and 142 of the 
lagnetization free layer 143, it is desirable that it is lOnm. Moreover, the field surface of action of the spin bulb film 
3 and the vertical bias 15 is desirable when making it small as much as possible suppresses a Barkhausen noise. 
1304] On the spin bulb 13, the electrode 16 of a couple is formed by the Hft-off method, the ion milling method, and 
le reactive-ion-etching method. Although not illustrated, an upper gap, an upper shield, and the Records Department 
•e fiirther formed on it. 

)305] Moreover, with the form 5 of operation having shown, similarly, by making it smaller than HMD more greatiy 
lan LD, HD does not have the reproducing head suitable for the ** width of recording track, and can be manufactured 
ith the sufficient yield. Moreover, by setting sum total thickness of a magnetization fixing layer, a nonmagnetic 
iterlayer, and a magnetization free layer to 14nm or less, the resistance of the spin bulb film 13 can be raised, a 
production output can be heightened, and a high sensitivity magnetoresistance-eflfect head can be obtained. 
)306] **** 6. 

^orm : the thermal resistance and the mirror plane of the 7th operation) 

)307] First, before introducing the example of this operation form, the technical problem recognized in process in 
hich this invention person results in this operation form is explained. 

)308] The technical problem which this invention person has recognized can be divided roughly into below in putting 
highly efficient spin bulb film (it being hereafter described as SV film) in practical use. 
)309] (1) Thermal resistance is bad (receiving especially initial process annealing). 

)310] (2) When aiming at much more improvement in reproduction sensitivity, MR rate of change runs short. 
)31 1] (3) When a magnetosensitive layer is constituted from a CoFe alloy-layer monolayer from which comparatively 
tg MR rate of change is obtained, magnetostriction control cannot be performed, and good soft magnetic 
laracteristics are not obtained. 

)312] The technical problem of these SV films is explained in fiiU detail below. 

)313] (1) As general composition of the magnetosensitive layer of heat-resistant SV film, NiFe (several nm)/Co 
ibout Inm) and NiFe(several nm)/CoFe (about Inm) are known. As SV membrane structure (a) using such a 
lagnetosensitive layer Ta(5nm)/NiFe(10nm)/Co(lnm)/Cu(3nm)/CoFe(2nm)/IrMn (7nm) / Ta (5nm) 
)) Ta(5mn)/Cu(2nm)/CoFe(3nm)/Cu(3nm)/CoFe(2nm)/IrMn(7nm)/Ta(5n^^ 
*** is mentioned. 

)314] By SV film which was described above, thing MR degradation will arise about 20% or more to MR value at the 
me of as-depo at a relative ratio by about [ 250 degree-Cx4H ] process annealing. For example, by SV film of (a), 
.4% of MR rate of change at the time of as-depo will deteriorate 20% or more by the relative ratio to the time of 4.7% 
id as-depo after annealing which is 250 degree-Cx3H. This annealing process is a process it is [ a process ] 
idispensable on head production. After annealing of 250 degree-Cx3H, about 20% of degradation produces MR rate 
f change at the time of as-depo as compared with 6.5% and the time of as-depo to SV film of (b) which does not use 
* and NiFe as a magnetosensitive layer being 8.1%. For the moment, the technique improved without sacrificing 
lagnetic properties for degradation of such MR rate of change, i.e., a heat-resistant remedy, is not found out. 
)3 1 5] Although a SV film which has higher MR rate of change is desired in the magnetic head towards densification, 
IR rate of change obtained at the time of as-depo is remarkably reduced in a thermal process with the indispensable 
reduction process top of a head by SV film obtained by present as mentioned above. This is the problem which must 
jrely be solved when developing the MR head which was with 10 or more Gdpsis and was made to correspond to 
jcording density [ like ]. 

)316] (2) In order to attain the improvement quantity MR rate of change of MR rate of change by use of a reflection 
ffect With how MR rate of change obtained at the time of as-depo shown by (1) is maintained after a thermal process 
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is also important how the absolute value of MR rate of change is raised or how even if MR rate of change of fiill 
)tential is not obtained in the time of as-depo, a film with which MR rate of change good after a thermal process is 
)tained is realized. 

•317] the range with the GMR effect shorter than an electronic mean free path - if ~ since the number of times which 
ceives spin dependence dispersion increases so that there are many number of layerses of the cascade screen of a 
agnetic layer/non-magnetic layer, MR rate of change becomes large However, like SV membrane structure, since 
ere are only units, such as a magnetization fixing layer / nonmagnetic interlayer / magnetosensitive layer, in the 
ructure of the GMR film actually used with a head, generally it is short thickness fi-om the mean fi-ee path, and is 
sing in MR rate of change. 

»318] In order to improve this, as structure which increased the number of layers, a magnetization fixing layer is made 
jrtical two-layer, and the dual spin bulb film (or SHIMETORI-spin bulb film (it is hereafter described as a D-SV 
Im)) which has arranged the magnetosensitive layer in the meantime is known. Although this is also one cure, by the 
ne it solves all practical problems, it will not have resulted at a present stage. For example, it is with the D-SV film 
om which the ground for a magnetosensitive layer serves as a nonmagnetic interlayer, the soft magnetic 
laracteristics Hk, for example, the anti-magnetic field, of a magnetosensitive layer. It is difficult to satisfy all the 
agnetostrictions lambda etc. Furthermore, although the one where the blocking temperature of the two-layer* 
itiferromagnetism film which fixes magnetization two-layer [ these ] is more nearly equal is desirable when the 
agnetization fixing layer of two upper and lower sides is used, it is difficult to make equal the property of the 
itiferromagnetism film located in the bottom in fact, and the antiferromagnetism film located in an upper layer side 
rough a nonmagnetic interlayer or a magnetosensitive layer. Therefore, although the D-SV film firom the point of MR 
.te of change is desirable composition, many technical problems are included from a viewpoint of practicality. 
619] Then, it is a mirror plane as one means by which the antiferromagnetism film put in practical use now raises the 
roperty of SV film of the general structure of one layer. This arranges a reflective film on one side or the vertical both 
des of a basic unit of a magnetic layer / nonmagnetic interlayer / magnetic layer, reflects an electron elastically, and 
ngthens the mean fi-ee path within the basic unit of a GMR film. [ of a GMR film ] 

>320] Conventionally, since only the distance of the mean free path which it should originally have since inelasticity- 
spersion was received was not able to move an electron and spin dependence dispersion more than the thickness of 
le basic imit of a GMR film was not able to be received, it was losing on the vertical layer of the basic unit of a GMR 
Im in MR rate of change. If it uses the reflective film of vertical both ideal layers, seemingly, a GMR basic imit 
scomes an infinite artificial grid and infinite equivalence, and since only the part of the mean fi*ee path which 
riginally moves can receive spin dependence dispersion now, MR rate of change will improve. Thus, the reflective 
Im on the outside of the magnetic layer located in a nonmagnetic interlayer's upper and lower sides itself 
smonstrates an effect enough by the reflection which is not dependent on spin even if it is not a reflective film 
spending on spin. 

)321] The above-mentioned effect demonstrates an effect also not only in general SV membrane structure but in a D- 
V film. However, there are many number of layerses from the first, and there is no effect of a reflective film in the 
:tificial grid of the infinite number of layers which has received spin dependence dispersion by the original mean free 
ath. Thus, SV membrane structure with few number of layerses from the first has a larger effect. 
)322] A mirror plane which was conventionally mentioned above 

)323] (c) Si substrate /NiO(50nm)/Co(2.5nm)/Cu(1.8nm)/Co(4nm)/Cu(1.8mn)/Co(2.5nm)^^ (50nm) 
1) Si substrate / NiO(50nm)/Co(2.5nm)/Cu(2nm)/Co(3nm)/Au (0.4nm) 

lef J.R.Jody et.al., IEEE Mag.33 No.5.3580 (1997)) (e) MgO substrate / Pt(10nm)/Cu(5nm)/NiFe(5nm)/Cu 
L8nm)/Co(5nm)/Cu ( 1 .2nm) / Ag (3nm) 

^apan Institute of Metals 1997 spring convention [ besides Ref river part Yasuhiro ] lecture outline pi 42) 
.) Si substrate / Si 3N4 / (200nm) Bi2 03 / (20nm) Au(4nm)/NiFe(4nm)/Cu(3.5nm)/CoFe (4nm) 
lef D.Wang et al.,IEEE Mag 32 No.5.4278(1996)) 

1 addition, the portion which attached the underline among S V membrane structures mentioned above is a portion 
Dnsidered to be a specular reflection film. 

)324] By SV film of the above (c), the specular reflection film with which vertical both layers consist of an oxide is 
sed. The way which used the insulating oxide with a potential barrier higher than a metal in order to cause reflection 
f an electronic wave, even if it thinks simply is a mirror plane. Furthermore, since a NiO film is also an 
ntiferromagnetism film while it is an oxide reflective film, it has also played the role which fixes magnetization of the 
lagnetic layer which is in contact with NiO. Although the above-mentioned composition is a D-SV film, 
ntiferromagnetism films, such as a normal SV film and a reversal SV film, are considered that the specular reflection 
f one side is acquired even for the structure of one layer. However, there are some faults by such film and it is not 
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ictical at a present stage. 

J25] First, the switched connection force is weak and practicality of NiO is low. In a weak coupling magnetic field, 
5 magnetization direction of a magnetization fixing layer becomes unstable by the disclosure magnetic field fi"om a 
;ord medium, and there is a possibility of changing an output, furthermore, in using an oxide layer for the upper 
/er, make it NiO ~ moreover, carry out using another oxide as a cap layer — contact resistance with a lead electrode 
11 become large Since it becomes easy to cause ESD (electro static discharge : electrostatic discharge), increase of 
ntact resistance is not desirable. Furthermore, when CoFe is used for a magnetosensitive layer, if fee (1 1 1) 
ientation of the CoFe is not carried out, it tums out that a good soft magnetism is unrealizable. When a 
ignetosensitive layer is located in a lower layer, since the buffer layer of fee (1 1 1) orientation will be lost for CoFe, 
ing compatible [ with soft magnetic characteristics ] of using an oxide layer as a ground of a magnetosensitive layer 
comes difficult. 

326] Moreover, by SV film of (d), the antiferromagnetism [ a reflective film-cum-] film of NiO is used for a ground 
/er, and Au layer on the fi*ont face of a film serves as a reflective film fiirther. Moreover, similarly, SV film of (e) is 
50 a reflective film, uses the potential difference on Ag film and the fi-ont face of a film, and Ag film on the front face 
a film is a mirror plane. Although the reason the effect was acquired by noble-metals film like Au or Ag as a 
flective film on the front face of a film is not clear, since the surface diffusion on the front face of a film tends to 
ppen [ noble metals ] to the reference of (d) from transition metals as one reason, flat nature becomes high and it is 
dicated by the noble-metals film front face that it is for being easy to pull out a reflection effect. 
327] It is advantageous at the point which can do small contact resistance with the lead electrode which was a trouble 
the time of an oxide reflective film by the reflective film which used for the film front face a metal membrane which 
as described above. However, the mirror plane on the front face of a film of a noble-metals film like Au or Ag That 
. it is rare that the front face of S V film is exposed as it is in actual MR element and an actual MR head, and, usually 
e laminating of a certain film is carried out on SV film. 

328] For example, in a shielded type MR head, the laminating of the up magnetic-gap film which consists of an 
umina etc. is carried out on SV film. It is a mirror plane as indicated by the reference of (d). If the laminating of 
lother film is carried out on the film with which it used the reflection effect on the front face of a film from the first, 
iturally a reflection effect will change. Thus, the membrane structure to which MR property is changed with the film 
f which a laminating is carried out on SV film has a problem in respect of practical use. 

•329] If the laminating of the Ta film usually well used for Au film front face of SV film of (d) as a protective coat is 
;tually earned out, it is reported that a reflection effect is lost. Thus, the mirror plane on the front face of a film 
330] Although SV film of (f) uses Au film as a specular reflection film like (d), this is a mirror plane in not the 
flection effect on the front face of a film but the film interface of metal membranes. The interface with NiFe by 
hich elaborates a ground by SV film of (f), and makes Au film front face a flat as much as possible, and a laminating 
carried out on it here in order that it may be known that it will be easy to carry out island growth and it may suppress 
is, if Au film forms membranes directly on a substrate without a suitable ground layer is made sharp. 
)33 1] However, the ground layer of (f) cannot be called practical technique. That is, it is Bi 203 about Au film. It 
5es that a good reflection effect can be pulled out if membranes are formed on a film and annealing is performed at 
50 degrees C. the Bi2 03 film with a thickness of 20nm is used as a ground (Ref.C.R.Tellier and A.J.Tosser.Size 
Uects in Thin Films, Chapter I.Elsevier, and 1982 ~) L. I.Maissel et al., Handbook of Thin Film 
echnology.McGRAW-Hill Publishing Company, 1983. 

)332] Fxirthermore, Si 203 It is Si 3N4 with a thickness of 200nm as a membranous ground. The fibn is used. That is, 
le ground film with a total thickness of no less than 220nm was used upwards as a ground of Au film, and it has 
assed through the annealing process in the elevated temperature of 350 degrees C. If the thickness of 220nm will 
Dnsider a bird clapper to a narrow gap increasingly in connection with densification from now on, not only becoming 
being remarkable and disadvantageous but practicality is very low. Furthermore, heat treatment in the elevated 
mperature of 350 degrees C will cause interface diffusion by the magnetic layer / nonmagnetic interlay er interface 
^hich causes basic spin dependence dispersion for a OMR film, and MR rate of change will deteriorate remarkably, 
his temperature is temperature from which interface diffusion also produces SV film using the Co(CoFe)/Cu/Co 
ZoY€) cascade screen which was [ even if] excellent in thermal resistance. 

)333] (3) When using the magnetostriction control CoFe layer of CoFe as a magnetosensitive layer, fee (111) 
rientation of the CoFe layer is carried out by applying the ground layer which carried out fee (1 11) orientation, and it 
; found out that it is possible to raise soft magnetic characteristics by this. Here, Cu layer and Au layer are used as a 
round layer which carried out fee (1 1 1) orientation. However, about the magnetostriction which is another important 
lement of soft magnetic characteristics, it was not controlled at all, and thermal resistance also found out that it was 
reatly dependent on a ground layer this time. For example, a membrane structure as shown below as a SV film based 
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the above-mentioned official report is mentioned. 

34] (g) Ta(5nm)/Cu(2nm)/CoFe(3nm)/Cu(3nm)/CoFe(2mn)/IrMn(7nm)/Ta(5nm) 
Ta(5mn)/Au(2nm)/CoFe(3nm)/Cu(3nm)/CoFe(2nm)/IrMn(7nm)A^a(5nm) 

the above-mentioned film of (g), fee (1 1 1) orientation of the Cu film is carried out. Although fee (1 1 1) orientation 
0 of the CoFe layer on this fcc(l 1 1) Cu film is carried out and a soft magnetism can be realized (i) It cannot be said 
t that the absolute value of lambda is large etc. has not necessarily satisfied practicality fiiUy with the (ii) 
gnetostriction -14x10-7. [ with bad (after as-depo:8.1% -> 250 degree-Cx4H : 6.5% (MR rate of change deteriorates 
Vo in a relative ratio)) thermal resistance ] Although there is no clear indicator of Magnetostriction lambda, as one 
teria, -10x10-7 to +10x10 to about seven can say that it is desirable. 

135] Furthermore, when it replaces with Cu as a fee material and Au is used (film of (h)) (i) It cannot be said that 
icticality is not necessarily satisfied fiiUy like the case where Cu film - an absolute value is large - is used with the 
. magnetostriction lambda+33xl0-7. [ with bad (after as-depo:8.4% -> 250 degree-Cx4H : 6.5% (MR rate of change 
:eriorates 23% in a relative ratio)) thermal resistance ] 

\36] The theta-2theta scan measured and estimated the XRD pattern of the spin bulb film of the above (g) and (h). 
ice it was almost same d spacing value by three layer of CoFe/Cu/CoFe and had become one peak, the peak value 
5 taken. At this time, d-(l 1 1) spacing value of the fee orientation of three layer of CoFe/Cu/CoFe on Cu was 
)54nm, and d-(l 1 1) spacing value of the fee orientation of three layer of CoFe/Cu/CoFe on Au was 2.086nm. Since 
; suitable small magnetostriction value was taken when making it the mean value of d-(l 1 1) spacing value on these 
:u ] and Au so that it might mention later, it tums out that too small d-(l 1 1) spacing value on Cu and too large d- 
1 1 ) spacing value on Au are not desirable. 

537] Thus, when using the magnetosensitive layer which consists of a CoFe layer, even if it formed membranes on 
5 groxmd layer which only carried out fee (1 1 1) orientation, the point of a magnetostriction showed that it was 
idequate. In addition, CoFe is formed on nickel80Fe20 which is near the zero magnetostriction and carried out fee 
1 1) orientation as one of the technique to which a magnetostriction is satisfied, and although the structure (the above- 
sntioned composition of (a)) which makes a magnetostriction zero as the whole magnetosensitive layer by about 0 
Fe in magnetostriction is mentioned, this composition has the problem [ mentioned / above ] that thermal-process 
gradation of MR property is large. 

338] As mentioned above, the conventional spin bulb film is wanted to raise the thermal resistance of a spin bulb 
m, since decline in MR rate of change by the thermal process is large. 

339] Moreover, it is a mirror plane as an improvement measure of MR rate of change of a spin bulb film. In order for 
e reflective films in the conventional spin bulb film to be insulators, such as an oxide, and to use the reflection effect 
I the fi-ont face of a film. For example, it is a mirror plane, when increase of contact resistance with a lead electrode 
uses BSD or a protective coat etc. is formed on a spin bulb film. Furthermore, although using a reflection effect by 
e interface was also examined, as for practicality, it was very low that there was the need of preparing a ground layer 
eat for the reason etc. It is a mirror plane, after taking into consideration the practicality as an element or the 
agnetic head, since it was such. 

340] Furthermore, controlling small the magnetostriction of Co system magnetic layer which consists of a CoFe 
loy etc., when raising the soft magnetic characteristics of a spin bulb film is called for. 
•341] Especially, it is a mirror plane. 

342] The magnetoresistance-eflfect element which has the spin bulb film which was invented in order that this 
aeration form might cope with such a technical problem, and suppressed the fall of MR property by the thermal 
ocess. Moreover, it aims at offering the magnetoresistance-effect element which has the spin bulb film which raised 
[R rate of change according to the specular reflection effect after taking practicality into consideration, the spin bulb 
Im which realized the low magnetostriction, and the spin bulb film which suppressed these thermal-process 
sgradation fiirther. Furthermore, it aims at offering the magnetic head and the magnetic recording medium which 
dsed record reproducing characteristics and practicality by using such a magnetoresistance-effect element. 
)343] The gestalt of the operation for solving hereafter the technical problem mentioned above is explained with 
jference to a drawing. 

)344] Drawing 32 is the cross section showing the important section structure of 1 operation gestalt of the 
lagnetoresistance-effect element (MR element) of this invention. In this drawing, 1 is the 1st magnetic layer and 2 is 
le 2nd magnetic layer. The laminating of these [ 1st ] and the 2nd magnetic layer 1 and 2 is carried out through the 
onmagnetic interlayer 3. Antiferromagnetism combination is not carried out between the 1 st and the 2nd magnetic 
lyer 1, and 2, but it constitutes the magnetic uncombined type multilayer. 

3345] The 1st and 2nd magnetic layers 1 and 2 are constituted by the ferromagnetic containing Co like for example, 
:o simple substance or Co alloy. Magnetic layers 1 and 2 may consist of NiFe alloys etc. It is desirable to use Co alloy 
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th which especially a bulk effect and the interface effect can both be enlarged, and big MR variation is obtained 
long these. 

346] The alloy which added one sort or two sorts or more of elements chosen as Co from Fe, nickel, Au, Ag, Cu, Pd, 
, Ir, Rh, Ru, Os, Hf, etc. as a Co alloy which constitutes magnetic layers 1 and 2 is used. As for the amount of 
oying elements, it is desirable to consider as five to 50 atom %, and it is desirable to consider as the range of further 

• 20 atom %. This is because there is a possibility that the interface effect may decrease when a bulk effect will not 
lly increase if there are too few amounts of alloying elements, but there are too many amounts of alloying elements 
nversely. When obtaining big MR variation, as for an alloying element, it is desirable to use especially Fe. 

347] The 1st lower magnetic layer 1 is formed among the 1st and 2nd magnetic layers 1 and 2 on the improvement 
yet 4 in the magnetoresistance effect (improvement layer in MR). The improvement layer 4 in MR is formed on the 
►n-magnetic layer (it is hereafter described as a nonmagnetic ground layer) 5 which has a ground function. This 
inmagnetic ground layer 5 is a layer containing at least one sort of elements chosen from Ta, Ti, Zr, W, Cr, Mb, Mo, 
f, and aluminum, and consists of compounds, such as these simple substance metals and alloys or an oxide, and a 
tride. When oxides, such as Ta, are used for the nonmagnetic ground layer 5, the electron which was not able to be 
fleeted in the improvement layer 4 in MR can be reflected by nonmagnetic ground layer 5 / improvement layer in 
R 4 interface so that it may explain in fiill detail behind. 

348] The 1st magnetic layer 1 is a magnetosensitive layer from which the magnetization direction changes with 
:temal magnetic fields. On the other hand, on the 2nd magnetic layer 2, the antiferromagnetism layer 6 which consists 

• IrMn, NiMn, PtMn, FeMn, RuRhMn, PdPtMn, MiO, etc. is formed. The bias magnetic field was given to the 2nd 
agnetic layer 2 from the antiferromagnetism layer 6, and the magnetization has fixed. That is, the 2nd magnetic layer 
is a magnetization fixing layer. 

349] Although not illustrated in drawing 32 , besides the method of touching an antiferromagnetism film directly as 
entioned above as the fixing method of the 2nd magnetic layer, making carry out, and fixing the magnetization 
rection You may use the so-called synthetic anti ferro structure of carrying out the laminating of the 3rd magnetic 
yer through layers, such as Ru and Cr, on the 2nd magnetic layer, carrying out antiferromagnetism combination of 
e 2nd magnetic layer and 3rd magnetic layer in RKKY, and carrying out antiferromagnetism combination of the 3rd 
agnetic layer. By using synthetic anti ferro structure, a bias point also becomes stable and the stability under the 
evated temperature of a pin property also increases. Specifically, CoFe/Ru/CoFe, Co/Ru/Co, CoFe/Cr/CoFe, 
o/Cr/Co, etc. are mentioned as composition from the 2nd magnetic layer to the 3rd magnetic layer. The 
itiferromagnetism film at this time is the same as that of a group of an above-mentioned antiferromagnetism film. 
1350] The alloy which makes a principal component Cu, Au, Ag and these alloys or the paramagnetic alloy containing 
lese and a magnetic element, Pd and Pt, and these as a component of the 1st and 2nd magnetic layers 1 and the non- 
lagnetic layer 3 arranged among two is illustrated. 

)351] The protective layer 7 is formed on the antiferromagnetism layer 6, and this protective layer 7 is constituted by 
le same metal or same alloy as the nonmagnetic ground layer 5. The spin bulb film 8 of this operation form is 
instituted by these each class. The electrode (not shown) of the couple which supplies sense current is connected to 
le spin bulb film 8, and a spin bulb GMR element is constituted by these. The spin bulb GMR element may have the 
ias magnetic field impression film which consists of a hard magnetic film which impresses a bias magnetic field to the 
lagnetosensitive layer 1, or an antiferromagnetism film. In this case, as for a bias magnetic field, it is desirable to 
npress in the direction which carries out an abbreviation rectangular cross to the magnetization direction of the 
lagnetization fixing layer 2. In addition, nine in drawing is a substrate. 

)352] The improvement layer 4 in MR which the improvement layer 4 in MR is the characteristic portion of this 
ivention, and is shown in drawing_32 is constituted by the cascade screen of 1st metal membrane 4a and 2nd metal 
lembrane 4b among each class which constitutes the spin bulb film 8 mentioned above. The metal membrane 
ontaining at least one sort of elements chosen from Cu, Au, Ag, Pt, Rh, aluminum, Ti, Zr, Hf, Pd, and Ir is applicable 
) the metal membranes 4a and 4b which function as a ground of the spin bulb film 8. 
D353] The element which mainly constitutes 1st metal membrane 4a which touches the 1st magnetic layer 
nagnetosensitive layer) 1 among the metal membranes of these plurality has a relation of the element which mainly 
onstitutes the magnetosensitive layer 1, and not dissolving. It may be desirable to have a relation of the element with 
/^hich the element which mainly constitutes it mainly constitutes the magnetosensitive layer 1 also about the 2nd metal 
lembrane 4b, and not dissolving, and each element which mainly constitutes especially these [ 1st ] and the 2nd metal 
lembrane 4a and 4b may have the relation of dissolution mutually. Furthermore, it is desirable to arrange 1 st metal 
lembrane 4a to which an electron wavelength becomes the side which touches the magnetosensitive layer 1 from a 
hort metal, and to arrange 2nd metal membrane 4b with a long (1st metal membrane la) electron wavelength on the 
utside. 
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354] Here, the relation of not dissolving in this invention is stated. In this invention, the state of having a non- 
ssolving relation the element A, and two kinds of elements of the element B In the phase diagrams (for example, 
nary Alloy Phase Diagram, 2nd Edition, ASM International. 1990, etc.) of two elements in the low-temperature 
gion about a room temperature The combination of the element both the amount of atomic %s in which B can 
ssolve when A is iised as a base material, and whose amount of atomic %s in which A can dissolve when it considers 
B base material are 10% or less shall be shown. 

355] As an example, the time of a magnetic layer (for example, magnetosensitive layer 1) being Co or Co alloy and 
e case where a magnetic layer is nickel alloy are explained. Since it is desirable for ground films to be a fee metal 
id a hep metal in order to make a magnetic layer into fee orientation, as a concrete composition element of the 
iprovement layer in MR which touches a magnetic layer, aluminum, Ti, Cu, Zr, Ru, Rh, Pd, Ag, Hf, Ir, Pt, Au, etc. 
e mentioned. The element with which it is satisfied of the above-mentioned conditions of Co and un-dissolving, 
Qong these elements turns into three elements of Cu, Ag, and Au. Moreover, nickel and the element with which are 
tisfied of the above-mentioned conditions of un-dissolving turn into three elements of Ru, Ag, and Au. However, 
though Cu had the relation of dissolution when only the phase diagram was referred to when nickel alloy was used as 
magnetic layer, when it used as an improvement layer in MR as a result of this invention person's experiment, it 
jcame clear that it can say un-dissolving. That is, nickel alloy and Cu are judged un-dissolving based on the following 
Lperimental results. 

•356] Although the improvement layer in MR acts as a nonmagnetic quantity conductive layer in the 1st operation 
•rm mentioned above when ******** ai^j a fi-ee layer are thin, if atomic diffusion arises in the interface of a 
)nmagnetic quantity conductive layer and a free layer and it becomes a diffusive interface, the permeability of the 
ectron which goes to a nonmagnetic quantity conductive layer fi-om a fi-ee layer will be reduced. That is, in order that 
e magnetization direction of a pin layer and a free layer may receive inelastic scattering in a diffusive interface also 
the parallel state mutually, the mean free path of rise spin does not become long. That is, decline in MR rate of 
lange will be caused, an ultra-thin free layer and the nonmagnetic quantity conductive layer of this phenomenon are 
ssolution — by the way, it is generated, and it will become more remarkable if heat treatment of a process etc. is 
irformed That is, MR rate of change falls with heat treatment. When the experiment which attached Cu to thin nickel 
loy layer when the method of checking such a phenomenon was taken was conducted, decline in MR rate of change 
as not seen. 

)357] From the above result, nickel alloy and Cu are judged un-dissolving. Therefore, as nickel alloy and an element 
ith which are satisfied of a non-dissolving relation, by this invention, Cu can be added to the combination of the 
ement obtained from a phase diagram, and it can be defined as Ru, Ag, Au, and Cu. It is a mirror plane, without 
>sing the composition ****** of the interface of a magnetic layer and the improvement layer in MR by heat treatment 
;c. by arranging the element of such not dissolving, in contact with a magnetic layer. 

)358] Here, although premised on carrying out fee orientation of the magnetic layer, you may use these improvement 
lyers in MR to the magnetic layer which, of course, has non-orientation and microcrystal structure. Specifically, the 
norphous magnetic layer by which Ti, Zr, Mb, Hf, Mo, Ta, etc. were added, or a magnetic laya- with microcrystal 
ructure is mentioned to CoFeB, CoZrNb, and Cr as a magnetic layer. 

)359] Furthermore, in order to make control and the film fine structure of d-spacing into more exact stmcture to a part 
f improvement layer in MR constituted with the above-mentioned element, another element in making it a cascade 
:reen with another metal membrane and the alloyed layer are improvement layers in MR by this invention. As an 
lement which constitutes this film by which a laminating is carried out, a fee metal and a hep metal are desirable and 
luminum, Ti, Cu, Zr, Ru, Rh, Pd, Ag, Hf, Ir, Pt, Au, etc. are mentioned. 

)360] When applying a cascade screen to the improvement layer in MR, the metal which has the metal membrane of 
le side which is in contact with the magnetic layer, and the relation of dissolution as a desirable example of the metal 
lembrane of the side which is not in contact with a magnetic layer is mentioned. The combination of the element with 
/hich it is a low-temperature region about a room temperature, and both the amount of atomic %s in which B can 
issolve when A is used as a base material, and the amount of atomic %s in which A can dissolve when it considers as 
\ base material exceed 10% like the case of not dissolving [ which was described above as the state of having the 
dation of dissolution of the element A, and two kinds of elements of the element B here ] shall be shown. 
D361] The desirable example at the time of applying a cascade screen to the improvement layer 4 in MR is shown. 
Vhen a magnetic layer 1 consists of Cu(s) which fill the conditions of it and un-dissolving with Co or Co alloy, as for 
letal membrane 4b, it is desirable to constitute from a metal membrane containing at least one sort chosen from 
luminum, Au, Pt, Rh, Pd, and Ir which fiilfill the conditions of the above-mentioned dissolution. [ a / metal membrane 
] When metal membrane 4a is constituted from Ag, as for metal membrane 4b, it is desirable to constitute from a 
aetal membrane containing at least one sort chosen from Pt, Pd, and Au. When metal membrane 4a is constituted from 
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J, as for metal membrane 4b, it is desirable to constitute from a metal membrane containing at least one sort chosen 
)m Pt, Pd, Ag, and aluminum. When a magnetic layer 1 consists of Ru which fills the conditions of it and un- 
ssolving with nickel alloy, as for metal membrane 4b, it is desirable to constitute from a metal membrane containing 
least one sort chosen from Rh, Ir, and Pt which fulfill the conditions of the above-mentioned dissolution. [ a / metal 
embrane 4] When using Ag and Au, it is as having described above. 

362] It is desirable for two elements which constitute the improvement layer 4 in MR among combination which was 
entioned above to dissolve mutually 10% or more, for example, Au-Cu, Ag-Pt, Au-Pd, Pt-Cu, Au-Ag, etc. are 
entioned. In addition, it is also possible for the combination of metal membrane 4a and metal membrane 4b not to 
ive to fill the relation of the dissolution described above not necessarily, and to apply the combination of Cu-Ru and 
a-Ag etc. Not only the two-layer cascade screen of 1st metal membrane 4a and 2nd metal membrane 4b but the 
iprovement layer 4 in MR which consists of a cascade screen can be constituted from a cascade screen of three or 
ore layers. 

363] The improvement layer 4 in MR can also constitute the improvement layer 4 in MR from alloy-layer 4c of the 
ement which mainly constitutes the magnetosensitive layer 1, and the element which has a non-dissolving relation, as 
lown not only in the cascade screen of 1 st metal membrane 4a and 2nd metal membrane 4b but in drawing 33 . The 
me view as the above-mentioned cascade screen is applicable to alloy-layer 4c in this case. That is, when a magnetic 
yer 1 consists of Co or a Co alloy, alloy-layer 4c contains at least one sort chosen from three elements of Cu, Ag, and 
u as a main composition element. Moreover, when a magnetic layer 1 consists of a nickel alloy, alloy-layer 4c 
)ntains at least one sort chosen from four elements of Ru, Ag, Au, and Cu as a main composition element. 
•364] Alloy-layer 4c contains at least one sort of elements in addition to the above-mentioned main composition 
ement. The main composition element and the element of dissolution are used for elements other than this main 
)mposition element so that it may not become 2 phase separation films. For example, when Cu is used for the main 
)mposition element of alloy-layer 4c, the alloy of noble-metals systems, such as Cu-Au, Cu-Pt, Cu-Rh, Cu-Pd, and 
u-Ir, is used. When Ag is used for the main composition element of alloy-layer 4c, the alloy of noble-metals systems, 
ich as Ag-Pt, Ag-Pd, and Ag-Au, is used. When Au is used for the main composition element of alloy-layer 4c, the 
loy of noble-metals systems, such as Au-Pt, Au-Pd, Au-Ag, and Au-aluminum, is used. 
>365] Among alloys which were mentioned above, as for alloy-layer 4c as an improvement layer 4 in MR, it is 
jsirable for two elements to dissolve mutually 10% or more, for example, Au-Cu, Ag-Pt, Au-Pd, Au-Ag, etc. are 
entioned. Thus, it is also possible to constitute the improvement layer 4 in MR from a cascade screen of metal 
lembrane 4a and alloy-layer 4c, as various forms can be applied to the improvement layer 4 in MR, for example, it is 
lown in drawing 34 . 

1366] When using Co system magnetic material for the magnetosensitive layer 1 , as for the improvement layer 4 in 
[R as a ground of the magnetosensitive layer 1, it is desirable to use the metallic material which has the same fee 
ystal structure as Co system magnetic material, and the metallic material of the hep structure to which it is easy to 
ury out fee orientation of the film on it. Cu, Au, Ag, Pt, Rh, Pd, aluminum, Ti, Zr, Hf(s), Ir(s), etc. which were 
lentioned above also from such a point, and those alloys are suitable as a component of the improvement layer 4 in 
IR. Furthermore, by using the improvement layer 4 in MR which consists of the cascade screen or alloy layer of such 
metal, the magnetostriction of the magnetosensitive layer 1 which consists of Co system magnetic materials, such as 
CoFe alloy, can be reduced so that it may explain in full detail behind. 

)367] In order to give the fimction as a ground layer, as for the thickness of the improvement layer 4 in MR, it is 
3sirable to be referred to as 2nm or more. However, if it is made not much thick, in order that MR rate of change may 
ecrease by increase of shunt diverging, it is desirable still more desirable to be referred to as lOnm or less, and the 
lickness of the improvement layer 4 in MR is 5nm or less. 

)368] The work which raises the thermal resistance of the spin bulb film 8 as for the improvement layer 4 in MR 
^hich was mentioned above. It works, when the work as a specular reflection film (interface reflective film) of the spin 
ulb film 8 and a free layer are thin, MR rate of change is maintained to a high value ~ It works, and has the work 
^hich reduces the magnetostriction of the magnetosensitive layer 1 which consists of a Co system magnetic material 
nd which controls the crystal fine structure of the spin bulb film 8, and the MR property of the spin bulb film 8 is 
iised based on these. Below, work of the improvement layer 4 in MR is explained in full detail. 
)369] First, thermal-process degradation of a spin bulb film is described. The mirror plane of the side which is not in 
ontact with the nonmagnetic interlayer 3 of magnetic layers 1 and 2 as a cause of degradation of MR property by 
rocess annealing The situation is shown in drawing 35 . In addition, it sets to dramng_35 and is IFS. The interface and 
FM by which spin dependence dispersion is carried out The interface by which not spin dependence dispersion but 
lirror-plane distraction is carried out is shown. Drawing 35 (a) and (b) show the ideal state (it corresponds at the time 
f as-dq)o), and drawing 35 (c) shows the state after process annealing typically. 
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670] In the three-layer laminated structure of magnetosensitive layer 1 / nonmagnetic interlayer 2 / magnetization 
Xing layer 3 which serves as a basic unit of the spin bulb GMR as shown in drawing 35 (a) and (b) As shown in 
awing 35 (c) (even if the interface is an interface with a metal membrane), what the mirror-plane scattering effect in 
e both sides had produced at the time of as-depo Interface diffusion arises by system which dissolves mutually easily 
r process annealing, and it becomes a dispersion-interface, and is a mirror plane. 

'371] The mirror plane in a metal membrane interface For example, in an as-depo state with comparatively little 
ixing, it is a mirror plane also at a NiFe/CoFe interface. 

•372] With the spin bulb film which used concretely the magnetosensitive layer which consists of a NiFe/CoFe 
iscade screen, it is the mirror plane of a NiFe/CoFe interface. It is also considered that change of MR rate of change 
/ change of the specular reflection factor in the NiFe/CoFe interface by annealing took place as this cause 
•373] 



nee it became timeout time, translation result display processing is stopped. 



Page 1 of 17 



NOTICES * 

Lpaxi Patent Office is not responsible for any 
ixnages caused by the use of this translation* 

This document has been translated by computer. So the translation may not reflect the original precisely. 
**** shows the word which can not be translated. 
In the drawings, any words are not translated. 



RAWINGS 



)rawinp 11 



113 

^107 

-106 
.105 
104 
103 
102 

^101 



)rawin g 2] 

V 




Hpin 



Hcu 



)r awing 3] 

70.0 



eo.o 

50.0 
40.0 
30.0 
20.0 
10.0 
0.0 



2 3 4 

Cu thickness[nm] 



drawin g 4] 




^«l260Jif^Crtim(pin1)-tmCpin2)(NIFe«ll)^^ 




112 



>rawing„6] 

3 -132 

=-—121 




Jrawinp 10] 







1 


j 























Drawin g 1 1] 



RMI (Spin-FilterJfii: 1/ X / ^>W/U7:x.^^>h 



/Ev3 ^ y 






( 

^ 2H8 ^ 


J 


V 

L 









1 
• 


J 


L 



7 U /io^iL^iOHfi* 



>awing 8] 




drawing 9] 

EV[v] 




2Hs A 



Hshm =-Hin+Hpifj-Hcu 
(«Jttt+Haj) 



>awing 121 




Dramng.l3] 




Hcu b.p, 




H 



( 



) 



Hcu 



Hcu 



„ Hjn.HpinA«/J\S<-Hin+Hprn£(^^^ 



> r a w ing 1 5] 




MRheight 
itMII O.drnm 
itimi 0.5inm 
Jtim2<Cu 2nm) 0.3mni 
iijeW(Cu 2nm) O.Smni 
itlM3 0.3niin 
itIMd 0.5mm 



►-iattffl4(HfBnt,HcuJ.) 0.3mm 
'-ttift«4(Hpint.Hcui) 0.6mm 
— tt«flk(Hpint,Hcur) 0.3mm 
ttl««4(Hpint,Hcur) 0.5mm 
4:^91 (IU»»t)0.3mm 
^«(A»l1>0.5mm 



1 2 3 4 5 6 
y y -»<?)Ms*l EnmT in NiFel 



drawing 16] 



Page 6 of 17 



12 
10 



i 6 



DC 

s 





























M 

.^---^ 
























c» 


^ 


► ( 







Ms^tCnmT ^n^aM 



^mwing 17] 




IrawinglS^ 





awin g 191 





























|HuA»5100 








« 
1 








• 


1 

■ 










■ 
■ 


■ 







a (hour) 



)rawing 20] 



•(311) 



(220) 



-<200) 
•(111) 




(222) 



(111) 

aM(4&a«i) 



<iii>:^rt 



drawing 21] 



1.0 



0.5 



il5 \ , 



p 

Ms 

Mr 


Jl 






H 



3nmCo/Ru/3nmCo 



3nraCo90Fe1Q/Ru/ 
3nmCo90FetO 




0.5 1.0 



1.6 



Page 8 of 17 




rawin g 23] 



7.3 


3tlttttJSA3nm 








7.2 






7.1 






7.0 

6.g 







0 400 



<a) H(Oe) 



»ltt1MB2.5nm 




-400 1 


) 


400 



(b) H<Oo) 



M«14«A3nni 




-400 t 


D 


400 



(c) H<Oe) 



)rawing 24] 



Page 9 of 17 



s 

4 

3 

=? 1 

-3 

-5, 























OS 



5 
4 

3 

^ 2 

^ 1 

-3 



20 



40 
«£(V) 



60 



80 



40 
35 

30 

253 
20 g 

isi 

10 
5 
0 



(a) +:^[fi)<OESD«aR 







V 














J. 



AO 
36 
30 

253 

15 U 

10 
5 
0 



"0 20 ^ 60 80 

(b) ~:^[3l<DESDSSK 

nTa/1 .eninNiFey4nmCoFH/3nfnCti 
nCoFe/0.enmRu/3nmCoFe/10nm/rMrV5nm 



rawing 251 



40 

«eECs/) 



Cc) •t-:l!riHl<!>E8D«at 



40 

35 
30 

25 3 

16 ® 
10 

6 

0 



(d) -:^lRl©E5DWfc 

nmCoFam-BnmRuOiinmCoFB/IOnmlrtWSniiiTa 

Iff: t a-T J;*ESDaff . T 



Page 11 of 17 




Page 12 of 17 




(c) 



iLrawing 38] 

ACCu)=0.4618nm 




20 
10 



0 0.02 0.04 0.06 0.0B 0.1 0.12 0.14 0.16 
A(p)-A(Cu) (nm> 



)rawin^ 3.11 




15 



>awin g 371 




1 0.6 0.6 0.4 0^ 0 
A{GMR)/A(p) 




1 0.85 0.9 0.8S 0.8 

A(GMR)>/A(p) 




Drawing 42] 



Page 14 of 17 




awin g 471 




Lawing^481 



34.00 



38.00 



NR. 2d d I I/Io 

1 41.020 2.198 127B 83 

2 41.540 2.172 1535 100 

3 42.320 2.134 505 33 

4 43.600 Z074 1290 84 

5 43.840 2.072 1338 87 




42.00 



46.00 



2d 



50.00 




)rawin g 501 



Page 16 of 17 





HMD 




drawing 53] 



9P€H site 



ranslation done.] 



Page 1 of 5 



JOTICES * 

pan Patent 0££ice is not responsible for any 
nages caused hy the use of this translation • 

rhis document has been translated by computer. So the translation may not reflect the original precisely. 
**** shows the word which can not be translated, 
n the drawings, any words are not translated. 



)RRECTION or AMENDMENT 



fficial Gazette Type] Printing of amendment by the convention of 2 of Article 17 of patent law. 
action partition] The 4th partition of the 6th section, 
ate of issue] April 13, Heisei 13 (2001. 4.13) 

ablication No.] JP,2000-137906,A (P2000-137906A) 
ate of Publication] May 16, Heisei 12 (2000. 5.16) 

format] Open patent official report 12-1380. 
iling Number] Japanese Patent Application No. 11 -97072. 
he 7th edition of International Patent Classification] 

IK 31/195 
00 

48 

IP 17/00 
/OO 

IK 31/165 
/215 

IB 5/39 
I] 

IK 31/195 
00 C 



48 

700 617 

:9 

.IB 5/39 

rocedure revision] 

iling Date] April 3, Heisei 12 (2000. 4.3) 

rocedure amendment 1] 

)ocument to be Amended] Specification. 

tem(s) to be Amended] Claim. 
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'roposed Amendment] 

];iaim(s)] 

;:iaim 1] A nonmagnetic spacer layer, and the 1st ferromagnetic layer and the 2nd ferromagnetic layer which were 
;parated by the aforementioned non-magnetic-material spacer layer, 

he ferromagnetic layer of the above 1st has the magnetization direction which accomplishes the angle to which it has 
;ceived in the magnetization direction of the ferromagnetic layer of the above 2nd, when an impression magnetic field 
zero. 

he ferromagnetic layer of the above 2nd is a magnetoresistance-effect element containing the ferromagnetic film of 
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couple mutually combined in antiferromagnetism, and the joint film which combines these in antiferromagnetism, 
arating the ferromagnetic film of the aforementioned couple. 

neans to maintain one magnetization of the ferromagnetic films of the aforementioned couple in the ferromagnetic 
er of the above 2nd towards desired, 

^ nonmagnetic quantity conductive layer which touches the 1st ferromagnetic layer in respect of the film surface 
ich the ferromagnetic layer of the above 1st and the aforementioned nonmagnetic spacer layer touch, and an 
)osite side, 

2 magnetoresistance-effect element characterized by ****(ing). 

aim 2] The aforementioned nonmagnetic quantity conductive layer is a magnetoresistance-effect element according 
:laim 1 characterized by containing the element whose value of the specific resistance in the room temperature of a 
k state is 10 or less microomegacm. 

aim 3] The thickness of the aforementioned nonmagnetic quantity conductive layer converted into Cu of lOmicro 
legacm of specific resistance t (HCL), When magnetic thickness which converted the thickness of the ferromagnetic 
n of the aforementioned couple in the ferromagnetic layer of the above 2nd by the saturation magnetization of IT is 
to tm (pinl) and tm (pin2) (tm(pinl) > it is referred to as tm (pin2)), respectively The magnetoresistance-effect 
ment according to claim 1 or 2 characterized by satisfying 0.5 nm<=tm(pinl)-tm(pin2)+t(HCL) <=4nm and t (HCL) 
0.5nm. 

laim 4] The magnetoresistance-effect element according to claim 1 or 2 to which wave asymmetry (V1-V2)/ 
1+V2) expressed with the absolute value VI of the reproduction output in a right signal magnetic field and the 
solute value V2 of the reproduction output in a negative signal magnetic field is characterized by setting up the 
ckness of the aforementioned nonmagnetic quantity conductive layer, and the thickness of the ferromagnetic layer of 
J above 2nd so that it may become 0.1 or less 0.1 or more minus plus. 

laim 5] The thickness of the ferromagnetic layer of the above 1st is the magnetoresistance-effect element of any one 
blication of the claim 1-4 characterized by 0.5nm or more being 4.5nm or less. 

laim 6] The ferromagnetic layer of the above 1st is the magnetoresistance-effect element of any one publication of 
5 claim 1-5 characterized by tiie bird clapper fi-om the cascade screen of the alloy layer containing a ferronickel 
iFe), and the layer containing cobalt (Co). 

laim 7] The ferromagnetic layer of the above 1st is the magnetoresistance-effect element of any one publication of 
5 claim 1-5 characterized by tiie bird clapper fi-om the alloy layer containing cobalt iron (CoFe). 
laim 8] The aforementioned nonmagnetic quantity conductive layer Copper (Cu), gold (Au), silver (Ag), a 
thenium (Ru), Iridium (Ir), a rhenium (Re), a rhodium (Rh), platinum (Pt), The magnetoresistance-effect element of 
y one publication of the claim 1 -5 characterized by being the metal membrane which contains at least a kind of 
stallic element chosen firom the group which consists of palladiimi (Pd), aluminum (aluminum), an osmium (Os), and 
zkel (nickel). 

!laim 9] The aforementioned nonmagnetic quantity conductive layer is the magnetoresistance-effect element of any 
le publication of the claim 1-5 characterized by being formed fi*om the cascade screen which carried out the 
ninating of the film more than two-layer at least. 

Ilaim 10] The magnetoresistance-effect element according to claim 9 characterized by the film which touches tiie 
rromagnetic layer of the above 1st among the aforementioned cascade screens containing copper (Cu). 
'laim 1 1] The magnetoresistance-effect element according to claim 10 characterized by including at least a kind of 
ement chosen from the group which the film which does not touch the ferromagnetic layer of the above 1st among 
e aforementioned cascade screens becomes from a ruthenium (Ru), a rhenium (Re), a rhodium (Rh), palladium (Pd), 
atinum (Pt), iridium (Ir), and an osmium (Os). 

'laim 12] The magnetoresistance-effect element of any one publication of the claim 1-5 characterized by the element 
hich mainly constitutes the aforementioned nonmagnetic quantity conductive layer, and the element which mainly 
institutes the ferromagnetic layer of the above 1st having a relation [****/ xm-] mutually in the touching interface of 
e aforementioned nonmagnetic quantity conductive layer and the ferromagnetic layer of the above 1st. 
riaim 13] It has further an antiferromagnetism layer as a means to maintain one magnetization of the ferromagnetic 
Ims of the aforementioned couple in the ferromagnetic layer of the above 2nd towards desired, 
s a material of the aforementioned antiferromagnetic substance layer, it is XzMnl-z (X here). Iridium (Ir), a 
ithenium (Ru), a rhodium (Rh), platinum (Pt), at least a kind of element chosen from the group which consists of 
iUadium (Pd) and a rhenium (Re) — carrying out — the composition ratio z ~ more than 5 atom % — below 40 atom % 
it is - the claims 1-5 characterized by using - someday - the magnetoresistance-effect element of one publication 
i;iaim 14] It has further an antiferromagnetism layer as a means to maintain one magnetization of the ferromagnetic 
1ms of the aforementioned couple in the ferromagnetic layer of the above 2nd towards desired. 
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5 magnetoresistance-effect element of any one publication of the claim 1-5 characterized by using XzMnl-z (X 
isidering as a kind of element chosen from the group which consists of platinum (Pt) and palladium (Pd) at least 
e, and the composition ratio z being below 65 atom % more than 40 atom %) as a material of the aforementioned 
iferromagnetism layer. 

aim 15] The magnetoresistance-effect element of any one publication of the claim 1-5 characterized by having 
tched the aforementioned nonmagnetic quantity conductive layer in the ferromagnetic layer of the above 1st, and the 
Id of an opposite side, and having further the layer which contains at least a kind of element chosen from the group 
ich consists of a tantalum (Ta), titanium (Ti), a zirconium (Zr), a tungsten (W), a hafiiium (Hf), and molybdenum 
o). 

laim 16] The magnetic head characterized by having the magnetoresistance-effect element of any one publication of 
J claim 1-15. 

laim 17] Bottom magnetic-shielding layer, 

e bottom reproduction magnetic-gap layer prepared on the aforementioned bottom magnetic-shielding layer, 

e magnetoresistance-efifect element of any one publication of the claim 1-15 prepared on the aforementioned bottom 

)roduction magnetic-gap layer, 

e bottom reproduction magnetic-gap layer prepared on the aforementioned magnetoresistance-effect element, 
e top magnetic-shielding layer prepared on the aforementioned top magnetic-gap layer, 
e magnetic head characterized by ******(ing). 

laim 18] The magnetic head according to claim 17 characterized by the irregularity of the front face of the 
)rementioned bottom reproduction magnetic-gap layer in a magnetic force sencor being smaller than the thickness of 
i aforementioned joint film. 

laim 19] The aforementioned nonmagnetic spacer layer is minded from the center which saw the ferromagnetic layer 
the above 1st in the direction of thickness. The aforementioned top magnetic-shielding layer and the aforementioned 
ttom magnetic-shielding layer either, without minding the aforementioned nonmagnetic spacer layer from the center 
lich saw Dl and the ferromagnetic layer of the above 1st for the distance which results in the aforementioned top 
ignetic-shielding layer or the aforementioned bottom magnetic-shielding layer in the direction of thickness when 
stance which reaches another side is set to D2 Dl> The magnetic head according to claim 17 or 18 characterized by 
ing D2. 

laim 20] The bottom magnetic pole which was communalized with the aforementioned top magnetic-shielding layer, 
d was prepared, 

le record magnetic-gap layer prepared on the aforementioned bottom magnetic pole, 
le top magnetic pole prepared on the aforementioned record magnetic-gap layer, 

le magnetic head of any one publication of the claim 17-19 characterized by having the recording head which **** 
rther. 

Ilaim 21] The head slider which has the magnetic head according to claim 16 or 20, 

le arm which has the suspension in which the aforementioned head slider was carried, 

le magnetic-head assembly characterized by ******(ing). 

Haim 22] Magnetic-recording medium, 

magnetic-head assembly according to claim 20, 

le magnetic recording medium characterized by ******(ing). 

tocedure amendment 2] 

)ocument to be Amended] Specification. 

tem(s) to be Amended] 0306. 

Method of Amendment] Change. 

Proposed Amendment] 

>306] (Form 7 : the thermal resistance and the mirror plane of operation) 

ext, "thermal resistance and a mirror plane 

Procedure amendment 3] 

)ocument to be Amended] Specification. 

tem(s) to be Amended] 0416. 

Method of Amendment] Change. 

Proposed Amendment] 

)416] In drawing 44 and drawing 45, the bottom reproduction magnetic gap 28 which consists of the same 
onmagnetic insulating material as the bottom reproduction magnetic gap 23 is formed on the GMR reproduction 
lement section 27. Furthermore, on the bottom reproduction magnetic gap 28, the top magnetic-shielding layer 29 
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ich consists of the same soft magnetic materials as the bottom magnetic-shielding layer 22 is formed. Shielded type 

/IR head 30 as the reproducing head is constituted by each [ these ] component. 

ocedure amendment 4] 

ocument to be Amended] Specification. 

?m(s) to be Amended] 0417. 

;ethod of Amendment] Change. 

oposed Amendment] 

H7] The thin film magnetic head 31 is formed on shielded type GMR head 30 as a recording head. It is constituted 
the bottom record magnetic pole gear tooth of the thin film magnetic head 31, the top magnetic-shielding layer 29, 
d the common magnetic layer. The top magnetic-shielding layer 29 of shielded type GMR head 30 serves as the 
ttom record magnetic pole of the thin film magnetic head 3 1 . the bottom record magnetic pole 29 top which serves 
a besides side magnetic-shielding layer — AlOx etc. — the record magnetic pole gap 32 and the bottom record 
ignetic pole 33 which consist of a nonmagnetic insulating material are formed in order The record coil (not shown) 
lich gives a record magnetic field to the bottom record magnetic pole 29 and the bottom record magnetic pole 33 is 
med in the back side fi-om the mediiun opposed face, 
rocedure amendment 5] 
ocument to be Amended] Specification. 
em(s) to be Amended] 0418. 
lethod of Amendment] Change, 
roposed Amendment] 

418] The rec/play separate-type magnetic head is constituted by the thin film magnetic head 31 as shielded type 

vlR head 30 and recording head as the reproducing head mentioned above. Such the rec/play separate- type magnetic 

ad is carried in the magnetic-head assembly which it is included in a head slider, for example, is shown in drawing 

. The magnetic-head assembly 60 shown in drawing 46 has the actuator arm 61 which has the bobbin section holding 

irive coil etc., and the suspension 62 is connected to the end of the actuator arm 61 . 

rocedure amendment 6] 

document to be Amended] Specification. 

;em(s) to be Amended] 0441. 

lethod of Amendment] Change. 

roposed Amendment] 

441] The above-mentioned nonmagnetic ground layer is not only metal membranes, such as Ta, but TaOx. An oxide 
m [ like ] can also be used, and it replaces with Ta, and is TaOx. When a ground was used, the good effect was 
quired similarly. In this case, it is Ta Ox with a large potential difference about the electron which was not able to be 
fleeted in the improvement layer in MR. It can be made to be able to reflect by the ground / improvement layer 
terface in MR, and MR rate of change can be raised further. However, TaOx If direct CoFe is formed on a ground 
yer, fee (1 1 1) orientation will not be carried out, and a fcc-d (111) spacing desirable in magnetostriction is not 
)tained. On the other hand, a TaOx/Au/Cu ground is excellent in practicality. TaOx It can replace with and oxides, 
ich as Ti, Zr, Cr, W, Hf, and Nb, can also be used. Moreover, a nitride like TiN and TaN can also be used. 
Example 2) 

. this example 2, the spin bulb film of Ta(5nm)/Au(lnm)/Cu(lnm)/CoFe(4nm)/Cu(2.5nm)/CoFe(2.5nm)/IrMn 

nm)/Au(0.5nm)/Cu(0.5nm)/Ta (5nm) structure was produced like the example 1. 

Yocedure amendment 7] 

)ocument to be Amended] Specification. 

tem(s) to be Amended] 0465. 

Method of Amendment] Change. 

^roposed Amendment] 

)465] Since the grain boundary constituting the electronic cause of dispersion stops almost existing, an electronic 
lean firee path also becomes long, and the structure near such a single crystal is also raising the absolute value of MR 
ite of change, and it not only excels in the thermal resistance of MR rate of change and magnetic properties, but it is a 
^sirable membrane structure. The technology of acquiring the structure near such a single crystal on an amorphous 
ibstrate like thermal oxidation silicon and an amorphous alumina is also one of the features of this invention. 
********* on the amorphous AlOx film on the AlTiC substrate usually used with the actual head, and other oxide 
i^stem amorphous films, a nitride system amorphous film, and diamond-like carbon although the thermal oxidation 
licon substrate was used here. 
J^rocedure amendment 8] 
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ranslation done.] 



